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ABS TRACT 

Motor 260-SL-3 was i n s u l a t e d  w i t h  Gen-Gard V-44 rubber .  The d e s i g n  

c o n f i g u r a t i o n  w a s  based on t h e  V-44 rubber  t h i c k n e s s - l o s s - r a t e  d a t a  o b t a i n e d  

d u r i n g  t h e  120-SS-1, 260-SL-1, and -2 motor s t a t i c  tes t  f i r i n g s .  P r e v i o u s l y  

f i r e d  and r e h a b i l i t a t e d  forward and a f t  i n s u l a t i o n  from motor case, S/N 001 

(motor 260-SL-1), were used i n  motor 260-SL-3. 

rubber  and damaged forward- and aft-head i n s u l a t i o n  were removed from t h e  

case. New c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n ,  p r o p e l l a n t  b o o t ,  and a f t - b o o t  

e x t e n s i o n  components were f a b r i c a t e d  by layup of unvulcanized V-44  ( o r  V - 4 5 )  

on a mandrel  and c u r e  i n  a n  au toc lave .  

i n s t a l l a t i o n  of new i n s u l a t i o n  components were accomplished by A e r o j e t  

p e r s o n n e l  a t  t h e  Aerojet-Dade D i v i s i o n  (A-DD), Homestead, F l o r i d a .  I n s u l a t i o n  

of motor 260-SL-3 was completed on 9 January  1967. 

Unusable c y l i n d r i c a l - s e c t i o n  

Repai r  of e x i s t i n g  i n s u l a t i o n  and 
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I. SUMMARY 

The i n s u l a t i o n  e f f o r t  i n  t h e  260-SL-3 motor program w a s  d i r e c t e d  toward 

a p p l y i n g  t h e  rubber  f a b r i c a t i o n  and i n s t a l l a t i o n  methods p r e v i o u s l y  demonstrated 

i n  260-SL motors t o  t h e  i n s u l a t i o n  system f o r  motor 260-SL-3. 

The chamber w a s  i n s u l a t e d  w i t h  Gen-Gard V-44, a n  a c r y l o n i t r i l e  b u t a d i e n e ,  

a s b e s t o s - f i b e r - f i l l e d  rubber .  The i n s u l a t i o n  c o n f i g u r a t i o n  i s  based on V-44 

rubber  t h i c k n e s s - l o s s - r a t e  d a t a  accumulated from t h e  i n s u l a t i o n  performance 

observed d u r i n g  s t a t i c  t es t  f i r i n g s  of loo- ,  120-, and 260-in.-dia motors .  

To reduce  program c o s t s ,  t h e  p r e v i o u s l y  f i r e d  motor case, S/N 001 ( f o r m e r l y  

motor 260-SL-1), i n c l u d i n g  t h e  e x i s t i n g  forward and a f t  i n s u l a t i o n ,  w a s  used 

f o r  motor 260-SL-3. Unusable c y l i n d r i c a l  s e c t i o n  i n s u l a t i o n  and areas of 

damaged forward and af t -head  rubber  were removed. 

The 260-SL-3 chamber i n s u l a t i o n  c o n f i g u r a t i o n  i s  similar t o  t h a t  of 

t h e  260-SL-1 c o n f i g u r a t i o n .  Damaged areas i n  t h e  e x i s t i n g  forward and a f t  

i n s u l a t i o n  s e c t i o n s  were r e p a i r e d  wi th  cured  V-44 rubber  s h e e t s ,  s e c o n d a r i l y  

bonded i n  p l a c e .  The eroded p o r t i o n  of t h e  a f t  i n s u l a t i o n  a t  t h e  s t e p - j o i n t  

w a s  b u i l t  up t o  i t s  o r i g i n a l  c o n f i g u r a t i o n  w i t h  Gen-Gard V - 6 1  r u b b e r  p o t t i n g  

i n s u l a t i o n .  The chamber c y l i n d r i c a l  s e c t i o n  w a s  i n s u l a t e d  w i t h  0.20-in.-  

t h i c k  s h e e t s  of vu lcanized  V-44 rubber ,  s e c o n d a r i l y  bonded i n t o  t h e  chamber 

w i t h  Epon 948.2 a d h e s i v e .  The l o n g i t u d i n a l  and c i r c i i i i f e r c n t i a l  V-grooves 

between rubber  s t r i p s  were f i l l e d  with V-61 material .  The p r o p e l l a n t  b o o t s  

are  i d e n t i c a l  t o  t h e  c o n f i g u r a t i o n  used i n  t h e  p r e v i o u s  260-SL motors .  

New c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n ,  p r o p e l l a n t  b o o t s ,  and a f t  boot 

e x t e n s i o n  components were f a b r i c a t e d  by t h e  Goodyear Tire and Rubber Co., 

Akron, Ohio. F a b r i c a t i o n  of t h e s e  components employed t h e  layup and a u t o c l a v e  

c u r e  t e c h n i q u e  p r e v i o u s l y  demonstrated f o r  t h e  260-SL motors .  

Page 1 
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I,  Summary ( c o n t . )  

I n s t a l l a t i o n  of t h e  new rubber  components and r e h a b i l i t a t i o n  of t h e  

e x i s t i n g  i n s u l a t i o n  i n  t h e  chamber were accomplished by A e r o j e t  p e r s o n n e l  a t  

t h e  Aerojet-Dade D i v i s i o n ,  Homestead, F l o r i d a .  I n s u l a t i o n  of motor 260-SL-3 

was completed on 9 January  1967. 

11. INTRODUCTION 

A. PURPOSE OF REPORT 

This  is  t h e  f i r s t  i n  a series of f i n a l  phase r e p o r t s  t o  b e  i s s u e d  

as major  phases  of t h e  260-SL-3 motor program are completed.  

B.  SCOPE OF REPORT 

This  r e p o r t  summarizes t h e  d e s i g n ,  r e h a b i l i t a t i o n ,  f a b r i c a t i o n  

and i n s t a l l a t i o n  of t h e  260-SL-3 motor chamber i n s u l a t i o n .  The f o l l o w i n g  

program t a s k s  are  i n c l u d e d :  

1. Estab l i shment  of requi rements  f o r  t h e  i n t e r n a l  i n s u l a t i o n .  

2. D e s c r i p t i o n  of t h e  motor i n s u l a t i o n  d e s i g n .  

3. Completion of process  e v a l u a t i o n  test  program and a n a i y s i s  

4 .  D e s c r i p t i o n  of t h e  rubber-component f a b r i c a t i o n .  

5. D e s c r i p t i o n  of t h e  r e s i d u a l  r u b b e r  r e h a b i l i t a t i o n .  

6.  D e s c r i p t i o n  of t h e  rubber-component i n s t a l l a t i o n  and r e s i d u a l  

7. Conclusions 

of r e s u l t s .  

rubber  r e p a i r .  

C .  PROGRAM STATUS 

Opera t ions  nvolved i n  i n s u l a t i n g  motor 260-SL-3 were completed on 

9 J a n u a r y  1967. The motor i s  scheduled t o  b e  t es t  f i r e d  i n  l a t e  J u n e  1967. 

Page 2 
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111. INSULATION DESIGN 

A. REQUIREMENTS 

The 260-SL-3 motor-chamber i n t e r n a l - i n s u l a t i o n  sys tem i s  r e q u i r e d  

t o  p r o v i d e  thermal  p r o t e c t i o n  t o  t h e  motor d u r i n g  web b u r n i n g ,  t a i l o f f ,  and 

a f t e r b u r n  p r i o r  t o  quench. S ta te -of - the-ar t  i n s u l a t i o n  materials were t o  b e  

used.  

B. DESIGN THICKNESS 

The 260-SL-3 chamber- insulat ion d e s i g n  is  based on d a t a  o b t a i n e d  

from t h e  44-in.-dia,  120-in.-dia,  and 260-SL-1 and -2 motor s t a t i c  f i r i n g s .  

The development h i s t o r y ,  p r o c e s s i n g ,  and performance of t h e  i n s u l a t i o n  system 

i n  t h e s e  motors are f u l l y  documented i n  Reference  ( 1 ) .  The measured Gen-Gard 

V-44 r u b b e r  e r o s i o n  d a t a  from t h e s e  motors and motor 100-FW-2 (Reference  ( 2 ) )  

are summarized i n  F i g u r e  1; t h e  observed rubber  t h i c k n e s s  l o s s  ra tes  (TLR) 

are p l o t t e d  as f u n c t i o n s  of gas  f l o w  Mach numbers f o r  v a r i o u s  l o c a t i o n s  ( a r e a  

r a t i o s )  i n  each motor.  The performance of Gen-Gard V-44 i s  q u i t e  c o n s i s t e n t  

a t  t h e  lower Elach numbers (<0.25)  while  a t  h i g h e r  Mach numbers some d a t a  

scatter is exper ienced .  A nominal o r  average  V-44 rubber  TLR v e r s u s  Mach 

number l i n e  w a s  c o n s t r u c t e d  from t h e  a v a i l a b l e  d a t a  and is i n c l u d e d  i n  

F i g u r e  1. This  "design l i n e "  t h e n  was used t o  de te rmine  t h e  r u b b e r  t h i c k n e s s  

r e q u i r e m e n t s  f o r  motor 260-SL-3. 

The i n s u l a t i o n  d e s i g n  t h i c k n e s s  requi rements  were c a l c u l a t e d  as 

t h e  p r o d u c t  of t h i c k n e s s  l o s s  r a t e  a t  f u l l  and reduced o p e r a t i n g  p r e s s u r e ,  

exposure  t i m e  a t  f u l l  and reduced o p e r a t i n g  p r e s s u r e ,  and a 2.0 s a f e t y  

f a c t o r ,  as shown below: 

Page 3 
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111, B, Design Thickness  ( c o n t . )  

where: t is  d e s i g n  t h i c k n e s s ,  i n .  

S.F. i s  s a f e t y  f a c t o r ,  2 .0  

0 i s  exposure t i m e  t o  f u l l  motor o p e r a t i n g  p r e s s u r e  

TLR i s  t h i c k n e s s  loss  ra te  a t  t h e  Mach number of a 

(web burning t i m e ) ,  sec 

l o c a l  a r e a  r a t i o ,  i n . / s e c  

and a f t e r b u r n ,  sec 

t a i l o f  f and a f  t e r b u r n .  

0 i s  exposure t i m e  a t  reduced p r e s s u r e  d u r i n g  t a i l o f f  

TLR i s  t h i c k n e s s  loss  ra te  a t  reduced p r e s s u r e  d u r i n g  

The exposure t i m e  is  a f u n c t i o n  of web burn ing  d u r a t i o n ,  p r o p e l l a n t  g r a i n  

c o n f i g u r a t i o n ,  and p r o p e l l a n t  burning ra te  Because t h e  TLR i s  a f u n c t i o n  

of motor o p e r a t i n g  p r e s s u r e  and gas  v e l o c i t y ,  each area of t h e  motor w a s  

a n a l y s e d  s e p a r a t e l y  t o  determine t h e  l o c a l  c o n d i t i o n s  t o  which t h e  rubber  was 

exposed,  A summary of t h e  i n t e r n a l  chamber i n s u l a t i o n  d e s i g n  t h i c k n e s s e s  i s  

p r e s e n t e d  i n  F i g u r e  2 .  

1. Forward-Head I n s u l a t i o n  

S i n c e  a forward boot i s  used t o  reduce  p r o p e l l a n t  g r a i n  

stress, i t  must be assumed t h a t  t h e  forward-head i n s u l a t i o n  i s  exposed t o  h o t  

g a s e s  and flame throughout  motor o p e r a t i o n .  tiowever, gas  v e l o c i t y  i s  v e r y  low 

i n  t h i s  area,  such t h a t  t h e  forward head i n s u l a t i o n  i s  s u b j e c t e d  p r i m a r i l y  t o  

t h e r m a l  d e g r a d a t i o n  r a t h e r  t h a n  e r o s i o n .  The observed TLR of V-44  i n  t h i s  

e s s e n t i a l l y  s t a g n a n t  r e g i o n  i s  0.005 i n . / s e c  a t  f u l l  o p e r a t i n g  p r e s s u r e  and 

0.0035 i n . / s e c  a t  reduced p r e s s u r e .  For a web d u r a t i o n  of 75 sec, a 2.0 

s a f e t y  f a c t o r ,  and a t a i l o f f l a f t e r b u r n  d u r a t i o n  of 20 s e c  ( t a i l o f f  d u r a t i o n  

reduced i n  260-SL-3 due t o  u t i l i z a t i o n  of i n e r t  s l i v e r s ) ,  t h e  r e q u i r e d  forward 

r u b b e r  t h i c k n e s s  i s  c a l c u l a t e d  as f o l l o w s :  

t f h  = 2.0 [ (0 .005)(75)  + (O.O035)(20)] = 0.90 i n .  

Page 4 



Report NASA CR-72228 

111, B y  Design Thickness (cont.) 

2 .  Cylindrical-Section Insulation 

The cylindrical-section rubber is exposed only during tailoff 

and afterburn periods. 

20-sec tailoff/afterburn exposure time, the required thickness is determined 

as follows : 

Using the V-44 TLR observed in previous tests and a 

t cs = 2.0 [(0.0035) (20)1 = 0.14 in. 

3. A f  t-Head Insulation 

The determination of aft-head insulation thickness is more 

complex because of high-velocity gas flow, changes in contour of the exposed 

surfaces during motor operation, and varying exposure times. 

head insulation thicknesses, summarized in Figure 2 ,  are calciilated as follows: 

The design aft- 

a. Diameters 

Aft stations are established at convenient incremental 

diameters between the aft step-joint and the cylindrical section of the motor. 

Diametral increments of 10 in. were selected from the 170.0-in.-dia step-joint 

to the 260-in. diameter. 

b. Area Ratio and Mach Number 

After the flow area at each incremental diameter is 

determined, the local ratio of flow area to nozzle throat area (A/A*) then is 

calculated. 

was used (A* = 6295 sq in.). The local Mach number is obtained from 

compressible-flow tables for subsonic flow. 

The average 260-SL-3 motor throat area during web action time 

Page 5 
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111, B y  Design Thickness  ( c o n t . )  

c. Thickness  Loss Rate 

Thickness  l o s s  r a t e s  cor responding  t o  t h e  computed l o c a l  

Mach numbers are o b t a i n e d  from F i g u r e  1. S i n c e  t h e  nominal o p e r a t i n g  p r e s s u r e  

f o r  motor 260-SL-3 is  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o p e r a t i n g  p r e s s u r e s  

of t h e  motors  used t o  o b t a i n  t h e  d a t a  i n  F i g u r e  1, no c o r r e c t i o n  f a c t o r s  are 

r e q u i r e d .  

d .  Exposure T i m e  

The exposure t i m e s  a t  t h e  l o c a l  area r a t i o s  are shown 

i n  F i g u r e  2. 

e; Rubber Thickness 

The d e s i g n  rubber  t h i c k n e s s  i s  c a l c u l a t e d  as  t h e  sum 

of t h e  t h i c k n e s s  r e q u i r e d  f o r  b o t h  nominal and reduced p r e s s u r e  exposure  

t i m e s  m u l t i p l i e d  by t h e  2.0 s a f e t y  f a c t o r ,  shown i n  F i g u r e  2. 

4 .  P r o p e l l a n t  Boots 

The p r o p e l l a n t  boots ,  manufactured from Gen-Gard V - 4 5  r u b b e r ,  

are des igned  f o r  exposure  throughout  t h e  web burn ing  d u r a t i o n .  S i n c e  t h e  web 

b u r n i n g  d u r a t i o n  of motor 260-SL-3 is less t h a n  t h e  p r e v i o u s  260-SL motors ,  

t h e  0.25-in.  boot  t h i c k n e s s  was n o t  changed. 

C.  INSULATION PLAN 

The 260-SL-3 motor-chamber i n t e r n a l - i n s u l a t i o n  p l a n  i s  o u t l i n e d  

i n  Reference  ( 3 ) .  To minimize i n s u l a t i o n  c o s t s  f o r  t h i s  motor ,  a n  i n i t i a l  
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111, C y  I n s u l a t i o n  P lan  ( con t . )  

d e c i s i o n  w a s  made t o  r e u s e  t h e  forward and a f t  i n s u l a t i o n  from motor 260-SL-2. 

However , because of a long  a f  t e r b u r n  and heat-soak f o l l o w i n g  t h e  260-SL-2 

motor s t a t i c  t e s t ,  t h e  forward i n s u l a t i o n  i n  t h i s  motor w a s  heat-degraded 

throughout  t h e  e n t i r e  rubber  th i ckness  (Reference (l), S e c t i o n  XI.A.l .)  and 

w a s  unusable  as motor i n s u l a t i o n .  

motor 260-SL-1 w a s  s e l e c t e d  as the  260-SL-3 motor chamber. The p l a n  w a s  t o  

r e h a b i l i t a t e  and r e p a i r  t h e  e x i s t i n g  forward and a f t  i n s u l a t i o n  i n  t h e  chamber; 

t h e  c y l i n d r i c a l  s e c t i o n  i n s u l a t i o n  w a s  t o  be removed and r e p l a c e d  w i t h  new 

V-44 rubbe r .  

Consequently,  t h e  S/N 001 chamber from 

D. INSULATION DESIGN DESCRIPTION 

The chamber i n t e r n a l - i n s u l a t i o n  des ign  c o n f i g u r a t i o n  i s  shown i n  

F igure  3 ,  Tho 260-SL-3 motor i n s u l a t i o n  c o n f i g u r a t i o n  is  similar t o  t h a t  of 

motor 260-SL-1, which i s  desc r ibed  i n  d e t a i l  i n  Reference  (1). 

1. Forward-Head I n s u l a t i o n  

The forward-head i n s u l a t i o n  f o r  motor 260-SL-3 c o n s i s t s  of 

r e s i d u a l  forward-head rubber  from motor 260-SL-1. 

approximate ly  0.25 i n .  of material  was eroded d u r i n g  t h e  260-SL-1 motor test 

f i r i n g ,  s o  t h a t  0.95 t o  1.05 i n .  of u sab le  i n s u l a t i o n  remained. The e x i s t i n g  

i n s u l a t i o n  t h i c k n e s s  i n  t h e  chamber i s  g r e a t e r  than  t h e  0.90-in.  r e q u i r e d  

minimum des ign  t h i c k n e s s .  

As r e p o r t e d  i n  Reference (l), 

2. Cy l ind r i ca l -Sec t ion  I n s u l a t i o n  

The chamber c y l i n d r i c a l  s e c t i o n  w a s  i n s u l a t e d  w i t h  32.5-in.-  

wide s t r i p s  of 0 .20- in . - th ick  autoclave-cured V-44 rubbe r ,  which were secon- 

d a r i l y  bonded l o n g i t u d i n a l l y  i n t o  t h e  chamber w i t h  Epon 948.2 adhes ive .  The 

l o n g i t u d i n a l  and c i r c u m f e r e n t i a l  V-groove j o i n t s  between t h e  s t r i p s  were f i l l e d  

w i t h  V-61 p o t t i n g  i n s u l a t i o n .  

Page 7 



Report NASA CR-72228 I 
I 

I 
I 
I 
I 
I 
! 
I 
1 
I 

111, D, I n s u l a t i o n  Design D e s c r i p t i o n  ( c o n t . )  

3. Af t-Head I n s u l a t i o n  

The af t -head  i n s u l a t i o n  f o r  motor 260-SL-3 c o n s i s t s  of r e s i d u a l  

a f t -head  rubber  from motor 260-SL-1. As r e p o r t e d  i n  Reference  (l), only  t h e  

i n s u l a t i o n  near and a t  t h e  a f t  s t e p - j o i n t  was eroded d u r i n g  t h e  f i r i n g .  The 

e roded  area w a s  b u i l t  up w i t h  V-61 m a t e r i a l  t o  t h e  o r i g i n a l  260-SL-1 conf igura-  

t i o n ,  which is  4.26-in. t h i c k  a t  t h e  s t e p - j o i n t .  The minimum r e q u i r e d  t h i c k n e s s  

f o r  t h e  260-SL-3 motor a t  t h e  s t e p - j o i n t  i s  4.10 i n .  

4. P r o p e l l a n t  Boot 

The forward and a f t  p r o p e l l a n t  b o o t s  are i d e n t i c a l  i n  t h i c k -  

n e s s  and c o n f i g u r a t i o n  t o  t h e  260-SL-1 and -2 motor b o o t s .  Manufactured from 

V-45 r u b b e r ,  t h e  0.25-in.- thick boots  were s e c o n d a r i l y  bonded t o  t h e  i n s u l a t i o n  

w i t h  Epon 948.2 a d h e s i v e ;  t h e  V-grooves between t h e  b o o t  segments were f i l l e d  

w i t h  Germax-cure-accelerated V-45 seam s t o c k .  

I V .  PRO CE S S EVALUATION 

No new nater ia ls  o r  p r o c e s s e s  were used f o r  t h e  260-SL-3 motor i n s u l a t i o n  

sys tem.  R e s u l t s  from p r e v i o u s  material and p r o c e s s  tes ts  r e p o r t e d  i n  Reference 

(1) were a p p l i e d  t o  t h i s  program. 

The c u r r e n t  program c a l l e d  f o r  r e h y d r o t e s t  of t h e  chamber p r i o r  t o  pro- 

c e s s i n g .  

water a b s o r p t i o n  d u r i n g  h y d r o t e s t .  Subsequent ly ,  t h e  chamber i n t e r i o r  w a s  d r i e d  

a t  165 + 5'F f o r  15 days.  

p lanned  p o s t - h y d r o t e s t  d r y i n g  c y c l e ,  t h e  Goodyear T i r e  and Rubber Company w a s  

d i r e c t e d  t o  f a b r i c a t e  e i g h t  6 .0- in . -square,  2 .O-in.-thick samples of Gen-Gard 

V-44 r u b b e r .  The sample b l o c k s  were l a i d  up and a u t o c l a v e  cured  i n  accordance 

w i t h  A e r o j e t  s p e c i f i c a t i o n  AGC-36420; t h e  completed sample b l o c k  weights  were 

As a r e s u l t ,  t h e  e x i s t i n g  forward and a f t  i n s u l a t i o n  w a s  s u b j e c t e d  t o  

I n  an e f f o r t  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  
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I V Y  P r o c e s s  E v a l u a t i o n  ( c o n t . )  

t h e  same w i t h i n  5 0 . 1  l b .  

q u a l i t y  c o n t r o l  l a b o r a t o r y ,  d r i e d ,  and i n i t i a l  w e i g h t s  were o b t a i n e d .  P r i o r  

t o  h y d r o t e s t ,  s i x  of t h e  sample b l o c k s  were a t t a c h e d  t o  t h e  h y d r o t e s t  p l u g  

s p l a s h  p l a t e  and suspended i n s i d e  the 260-SL-3 motor case. A f t e r  h y d r o t e s t ,  

t h e  b l o c k s  were r e t u r n e d  t o  t h e  q u a l i t y  c o n t r o l  l a b o r a t o r y  and ' ' w e t  weights ' '  

w e r e  o b t a i n e d .  Three of t h e  samples were r e t u r n e d  t o  t h e  chamber, and remained 

i n  t h e  chamber d u r i n g  p o s t  h y d r o t e s t  o p e r a t i o n s  and t h e  15 day, 160 & 5°F dry- 

i n g  c y c l e .  The remaining t h r e e  samples,  which were used as c o n t r o l s ,  were 

p l a c e d  i n  t h e  180'F oven i n  t h e  q u a l i t y  c o n t r o l  l a b o r a t o r y .  

d r y i n g  c y c l e  , t h e  t es t  and c o n t r o l  samples were wrapped i n  mois ture-proof  poly- 

e t h y l e n e  bags ,  cooled t o  ambient tempera ture ,  and weighed. The r e s u l t s  were as 

fo l lows  : 

The sample b locks  were d e l i v e r e d  t o  t h e  A-DD 

Fol lowing t h e  15-day 

I n i  t i a1 
Sample No. Weight, gm 

070 ( T e s t )  2200.5 

071  ( T e s t )  2201.3 

072 ( T e s t )  2203.5 

067 ( C o n t r o l )  2197.7 

068 ( C o n t r o l )  2190.5 

069 ( C o n t r o l )  2194.6 

"Wet" Weight 
A f t e r  tiydro- 

t e s t ,  gm 

2207.8 

2208.8 

2210.1 

2205.0 

2199 .I) 

2201.1 

Weight 
After 

Drying, g m  

2198.7 

2198.8 

2200.9 

2192.8 

2185.7 

1289.7 

P e r c e n t  
Kcis t nre 
Removed 

75 

85 

80 
* 
* 
* 

* Average of c o n t r o l  samples assumed t o  b e  100% m o i s t u r e  removal. 

The weight  l o s s  of t h e  samples exposed t o  t h e  chamber d r y i n g  c y c l e  w a s  

t o  b e  85% of t h e  weight  l o s s  observed i n  t h e  c o n t r o l  samples.  As shown i n  t h e  

f o r e g o i n g  t a b l e ,  two samples e x h i b i t e d  less than  852 m o i s t u r e  removal. However, 

a l l  of  t h e  sample weights  a f t e r  dry ing  were less than  t h e  i n i t i a l  weight ,  i n d i -  

c a t i n g  t h a t  v o l a t i l e  material i n  t h e  rubber  w a s  b e i n g  removed a l o n g  w i t h  mois ture .  

It  w a s  a p p a r e n t  t h a t  any f u r t h e r  dry ing  would tend  only  t o  remove more v o l a t i l e  

material  from t h e  r u b b e r ,  and l i t t l e ,  i f  any,  f u r t h e r  m o i s t u r e  removal would b e  

a c h i e v e d .  
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I V Y  Process  E v a l u a t i o n  (cont  .) 

P r i o r  t o  i n i t i a t i o n  of rubber  component i n s t a l l a t i o n ,  i t  w a s  n e c e s s a r y  

t o  e v a l u a t e :  

A. The e f f e c t  of t h e  f i r e d - i n s u l a t i o n  s u r f a c e  c o n d i t i o n  on l i n e r  and 

adhes ive  bond s t r e n g t h .  The purpose was t o  de te rmine  t h e  amount of r e s i d u a l  

rubber  s u r f a c e  a b r a s i o n  n e c e s s a r y  dur ing  i n s u l a t i o n  r e h a b i l i t a t i o n .  

B. The a b i l i t y  of Epon 948.2 adhes ive  t o  bond t o  F u l l e r  162-Y-22 

primed s teel  a f t e r  exposure t o  h y d r o t e s t  f l u i d  and t o  t h e  15-day d r y i n g  c y c l e .  

The purpose w a s  t o  de te rmine  whether  s a n d b l a s t i n g  and repr iming  of chamber 

i n t e r i o r  a f t e r  h y d r o t e s t  was necessary  t o  a c h i e v e  adequate  bond s t r e n g t h  

between t h e  primed chamber and t h e  rubber  i n s u l a t i o n  components. 

C. The a b i l i t y  of V-61 p o t t i n g  i n s u l a t i o n  t o  bond t o  f i r e d  V-44 

rubber  a f t e r  exposure t o  h y d r o t e s t  f l u i d  and t o  t h e  15-day d r y i n g  c y c l e .  The 

purpose w a s  t o  de te rmine  whether  o t h e r  t h a n  normal rubber  s u r f a c e  p r e p a r a t i o n  

w a s  r e q u i r e d  t o  a c h i e v e  an adequate  bond between t h e  V-61 seam material and 

t h e  V-44 i n s u l a t i o n .  

D. The a b i l i t y  of Epon 948.2 a d h e s i v e  t o  bond t o  f i r e d  V-44 r u b b e r  

a f t e r  exposure  t o  h y d r o t e s t  f l u i d  and t o  t h e  d r y i n g  c y c l e .  The purpose w a s  

t o  de te rmine  t h a t  an adequate  bond could b e  achieved  between t h e  V-45 p r o p e l l a n t  

b o o t s  and f i r e d  V-44 i n s u l a t i o n .  

I n  a l l  tests,  c o n t r o l  specimens w i t h  u n f i r e d ,  unexposed m a t e r i a l  

were p r e p a r e d  t o  p r o v i d e  a da ta-eva lua t ion  b a s e l i n e .  

F i r e d  V-44 rubber  w a s  ob ta ined  from t h e  S/N 002 chamber (motor 

260-SL-2). Rubber samples w e r e c u t  t o  t h e  r e q u i r e d  s i z e  and s u b j e c t e d  t o  hydro- 

t e s t  f l u i d  a t  t h e  p r e s s u r e  and f o r  the d u r a t i o n  expec ted  d u r i n g  t h e  a c t u a l  motor 

chamber h y d r o t e s t  c y c l e .  The samples were t h e n  d r i e d  a t  165 - + 5'F f o r  15 days.  
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I V Y  P r o c e s s  E v a l u a t i o n  (cont  . ) 

F u l l e r  162-Y-22 primed s t e e l  p l a t e s  were a l s o  exposed t o  h y d r o t e s t  f l u i d  and 

d r i e d .  The s p e c i f i e d  number of p e e l  and double  p l a t e  test (DPT) specimens 

were prepared  f o r  t e s t i n g .  The d e t a i l e d  procedures  f o r  p r e p a r a t i o n  and tes t -  

i n g  of  t h e  specimens and t h e  t a s k  flow s h e e t  are p r e s e n t e d  i n  Appendix A. 

A. EFFECT OF RUBBER SURFACE C O N D I T I O N  

The f i r s t  series of tests w a s  made t o  de te rmine  t h e  t h i c k n e s s  of 

t h e  f i r e d  rubber  s u r f a c e  t h a t  must be removed t o  p r o v i d e  a bonding s u r f a c e  

e q u i v a l e n t  t o  t h e  c o n d i t i o n s  experienced w i t h  new abraded rubber .  

amount of t h e  f i r e d  r u b b e r  s u r f a c e  was removed; DPT specimens t h e n  were pre-  

p a r e d ,  u s i n g  b o t h  Epon 948.2 adhes ive  and SD 850-2 l i n e r  as t h e  bonding mate- 

r i a l s .  The d e t a i l e d  t e s t  r e s u l t s  a r e  shown i n  F i g u r e  4 .  P l o t s  of a d h e s i v e  

and l i n e r  bond s t r e n g t h  as a f u n c t i o n  of t h e  s u r f a c e  depth  removed are p r e s e n t e d  

i n  F i g u r e s  5 and 6 ,  r e s p e c t i v e l y .  Although some d a t a  sca t te r  w a s  e x p e r i e n c e d ,  

which i s  normal f o r  DPT tests, t h e  d a t a  t r e n d  w a s  a p p a r e n t  and showed t h a t  0.06 

t o  0.10 i n .  of f i r e d  rubber  s u r f a c e  must b e  removed t o  o b t a i n  bond s t r e n g t h  

A c o n t r o l l e d  

v a l u e s  e q u i v a l e n t  t o  v a l u e s  e x h i b i t e d  by u n f i r e d  rubber  i n  p r e v i o u s  tests.  The 

t y p e  of  specimen f a i l u r e  a l s o  i n d i c a t e d  t h e  n e c e s s i t y  of s u r f a c e  removal. When 

t h e  r u b b e r  s u r f a c e  w a s  merely cleaned and abraded ,  f a i l u r e  occurred  d i r e c t l y  a t  

t h e  rubber- to-adhesive ( o r  l i n e r )  i n t e r f a c e .  When t h e  a b r a s i o n  depth  w a s  0.06 

i n .  o r  g r e a t e r ,  f a i l u r e  occurred  i n  t h e  rubber  ( w i t h  Epon 948.2) o r  i n  t h e  l i n e r  

material. The 0.06/0.1O-in. rubber  s u r f a c e  a b r a s i o n  depth  w a s  i n c o r p o r a t e d  i n t o  

t h e  procedure  f o r  r e h a b i l i t a t i o n  of t h e  r e s i d u a l  i n s u l a t i o n  i n  t h e  motor chamber. 

As shown i n  F igures  5 and 6 ,  t h e  Epon 948.2 bond-strength v a l u e s  f o r  

t h e  c o n t r o l  samples were unusual ly  low (319 t o  407 p s i ) ,  and were n o t  s i g n i f i -  

c a n t l y  g r e a t e r  t h a n  t h e  v a l u e s  obta ined  w i t h  t h e  e s s e n t i a l l y  unabraded f i r e d  

r u b b e r  specimens.  However, t h e  c o n t r o l  samples f a i l e d  i n  t h e  rubber  and n o t  a t  

t h e  rubber- to-adhesive i n t e r f a c e ,  i n d i c a t i n g  t h e  p o s s i b i l i t y  t h a t  t h e  rubber  

used i n  t h e  c o n t r o l  samples tended t o  d e l a m i n a t e  d u r i n g  t h e  DPT tes t .  Unf i red  

r u b b e r  samples were o b t a i n e d  from the warehouse a t  A-DD. As a r e s u l t ,  t h e  
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I V Y  A, E f f e c t  of Rubber S u r f a c e  Condit ion ( c o n t . )  

q u a l i t y  o r  p r e v i o u s  use  of t h e  material could  n o t  b e  e s t a b l i s h e d .  Fresh  V-44 

rubber  sample material could  n o t  b e  obta ined  i n  t i m e  t o  complete  t h e  tests 

p r i o r  t o  t h e  r e q u i r e d  p r o c e s s i n g  d a t e .  

Bond s t r e n g t h  v a l u e s  measured d u r i n g  tests p r e v i o u s l y  conducted 

by Goodyear ranged from 450 t o  600 p s i .  As a r e s u l t ,  t h e  Goodyear test r e s u l t s  

were used as an e v a l u a t i o n  b a s e l i n e  f o r  Epon 948.2 i n s t e a d  of t h e  c o n t r o l  sample 

d a t a .  

B .  PRIMER CONDITION 

Specimens were p r e p a r e d  and t e s t e d  t o  e v a l u a t e  t h e  bond s t r e n g t h  of 

Epon 948.2 t o  F u l l e r  162-Y-22 primed s tee l  a f t e r  exposure  t o  h y d r o t e s t  f l u i d  

and t u  the 15-day d r y i n g  c y c l e .  

r e s u l t s  i n d i c a t e  t h a t  no  a p p r e c i a b l e  d e t e r i o r a t i o n  w a s  e x h i b i t e d  i n  the a b i l i t y  

of Epon 948.2 t o  bond t o  t h e  exposed p r i m e r .  The specimen f a i l u r e s  f o r  t h e  

most p a r t  o c c u r r e d  i n  t h e  rubber .  As n o t e d  i n  F i g u r e  7 ,  t h r e e  f a i l u r e s  occurred  

a t  t h e  b o n d l i n e  between t h e  pr imer  and adhes ive .  

t h i s  t y p e  of f a i l u r e  w a s  accompanied by ev idence  of a v o i d  o r  bubble  i n  t h e  

epoxy. I n  specimen No. 053, visual  i n s p e c t i o n  showed t h a t  approximately 0.18 

s q  i n .  of t h e  s u r f a c e  w a s  unbonded. The low s t r e n g t h  v a l u e  w a s  due t o  t h e  

smaller effect ive bond area and t h e  r e s u l t i n g  uneven p u l l  on t h e  specimen 

d u r i n g  test . 

The t e s t  d a t a  are shown i n  F i g u r e  7; t h e  

However, i n  every  i n s t a n c e ,  

The p r o c e s s  p l a n n i n g  s p e c i f i e d  use of t h e  p r e h y d r o t e s t  primed s u r -  

f a c e ;  based  on t h e  above test r e s u l t s ,  t h i s  p l a n  appeared v a l i d .  

C. V-61/V-44 BOND STRENGTH 

Specimens were prepared  and t e s t e d  t o  e v a l u a t e  t h e  a b i l i t y  of  V-61 

p o t t i n g  i n s u l a t i o n  t o  bond t o  f i r e d  V-44 r u b b e r  a f t e r  exposure t o  h y d r o t e s t  
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Report  NASA CR-72228 

I V ,  C ,  V-61/V-44 Bond S t r e n g t h  ( c o n t . )  

f l u i d  and t o  t h e  d r y i n g  c y c l e .  

The d a t a  show no d e t e r i o r a t i o n  i n  t h e  bond s t r e n g t h  of V-61 t o  t h e  f i r e d  

V-44 r u b b e r ;  f a i l u r e  of two c o n t r o l  specimens and a l l  of t h e  test  specimens 

occurred  i n  t h e  V-61. As n o t e d  i n  F igure  7,  c o n t r o l  specimen No. 056 f a i l e d  

a t  t h e  V-61-to-V-44 i n t e r f a c e ,  r e s u l t i n g  i n  an  abnormally low bond-s t rength  

va lue .  T h i s  t y p e  of f a i l u r e  w a s  i n d i c a t i v e  of e i t h e r  improper c l e a n i n g  of  t h e  

rubber  s u r f a c e  o r  i n s u f f i c i e n t  i n i t i a l  w e t t i n g  of t h e  r u b b e r  s u r f a c e  w i t h  V-61, 

which showed t h e  n e c e s s i t y  f o r  r i g i d  process  c o n t r o l  and s u r v e i l l a n c e  d u r i n g  

o p e r a t i o n s  i n v o l v i n g  t h e  use of V-61 m a t e r i a l .  

These tes t  r e s u l t s  are i n c l u d e d  i n  F igure  7 .  

D. PEEL STRENGTH 

Specimens were prepared  t o  e v a l u a t e  t h e  p e e l  s t r e n g t h  of Epon 948.2 

between new V-45 rubber  s h e e t  and f i r e d ,  exposed V-44. The tes t  d a t a  p r e s e n t e d  

i n  F i g u r e  8 showed no d e g r a d a t i o n  i n  t h e  p e e l  s t r e n g t h .  The a b i l i t y  t o  bond 

t h e  V-45 p r o p e l l a n t  b o o t s  t o  t h e  r e s i d u a l  V-44 rubber  i n s u l a t i o n  w a s  a d e q u a t e l y  

demonstrated.  

V. RXHABILITATION OF E X I S T I N G  INSULATION 

The requi rements  f o r  r e h a b i l i t a t i o n  of  t h e  S/N 001 motor chamber f o r  use 

i n  motor 260-SL-3 are shown i n  F igure  9 .  These requi rements  were t r a n s l a t e d  

i n t o  o p e r a t i n g  procedures ,  References ( 4 )  and ( 5 ) .  

A. PREHYDROTEST OPERATIONS 

P r i o r  t o  i n s t a l l i n g  new rubber  components, i t  w a s  n e c e s s a r y  t o  

remove t h e  unusable  rubber  and t o  c lean  t h e  s u r f a c e s  of  t h e  r e s i d u a l  i n s u l a t i o n .  
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V ,  A, P r e h y d r o t e s t  Opera t ions  (cont . )  

The f i r s t  s t e p  w a s  t o  remove t h e  remaining c y l i n d r i c a l - s e c t i o n  

i n s u l a t i o n ,  epoxy adhes ive ,  and pr imer .  Removal w a s  accomplished by p l a c i n g  

a l o c a l  h e a t  s o u r c e  on t h e  o u t s i d e  of t h e  chamber. As t h e  Epon 948 a d h e s i v e  

s o f t e n e d ,  t h e  rubber  and adhes ive  were s c r a p e d  o f f  t o  t h e  primed s u r f a c e  w i t h  

aluminum c h i s e l s .  This  o p e r a t i o n  w a s  r e p e a t e d  u n t i l  t h e  e n t i r e  c y l i n d r i c a l  

s e c t i o n  w a s  f r e e  of  adhes ive  and rubber .  The h e a t  s o u r c e  c o n s i s t e d  of s i x  

1600-watt f l o o r  h e a t e r s  mounted i n  a plywood shroud.  Thermocouples were 

mounted on t h e  chamber and used t o  l i m i t  t h e  tempera ture  t o  250'F a t  t h e  

chamber w a l l .  

Some rubber  removal t e s t s  had been conducted on t h e  e x i s t i n g  f o r -  

ward and a f t  i n s u l a t i o n  i n  t h e  S/N 001 chamber s h o r t l y  a f t e r  t h e  260-SL-1 

motor test  f i r i n g .  These tests were conducted b e f o r e  t h e  d e c i s i o n  w a s  made 

t o  use t h i s  chamber f o r  motor 260-SL-3. S i n c e  some mechanical  and chemical  

damage w a s  i n c u r r e d ,  i t  w a s  n e c e s s a r y  t o  remove approximately one f u l l  a f t -  

i n s u l a t i o n  segment. I n  a d d i t i o n ,  two smaller s e c t i o n s  i n  t h e  forward and a f t  

rubber  w e r e  removed as a r e s u l t  of tes t  damage. The p r e v i o u s l y  d e s c r i b e d  

t e c h n i q u e  w a s  employed t o  remove t h e s e  s e c t i o n s  of damaged forward- and a f t -  

head i n s u l a t i o n ,  e s c e p t  t h a t  hand r o u n t e r s  w e r e  used t o  c u t  grooves i n  t h e  

ri ibber t o  reduce t h e  t h i c k n e s s  and f a c i l i t a t e  removal. 

A f t e r  rubber  removal, t h e  exposed chamber s u r f a c e s  were g r i t b l a s t e d  

w i t h  MS-MH Type B g l a s s  beads.  

chamber w i t h  t h e  t i p  6 i n .  from t h e  w a l l  and w a s  moved c o n t i n u o u s l y  a t  a uniform 

rate.  A t  no t i m e  w a s  t h e  n o z z l e  s topped w h i l e  t h e  g r i t b l a s t e r  w a s  o p e r a t i n g .  

A l so ,  the h igh-pressure  hose w a s  a t t a c h e d  t o  t h e  l i g h t i n g  and suspens ion  t r u s s  

approximate ly  4 f t  from t h e  chamber w a l l  t o  p r e v e n t  s e r i o u s  material removal 

i n  t h e  e v e n t  t h a t  t h e  hose  should  break.  

numerous s o l v e n t  wash-downs, t h e  metal  was sprayed  w i t h  F u l l e r  162-Y-22 epoxy 

pr imer .  

The n o z z l e  w a s  main ta ined  a t  90 d e g r e e s  t o  t h e  

Fol lowing e x t e n s i v e  c l e a n i n g ,  i n c l u d i n g  
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V,  A, P r e h y d r o t e s t  Opera t ions  (cont . )  

A f t e r  pr iming,  t h e  chamber was moved t o  t h e  CCT f a c i l i t y  and hydro- 

s t a t i c a l l y  proof  t e s t e d .  

B .  POSTHYDROTEST OPERATIONS 

The f i r s t  o p e r a t i o n  a f t e r  t h e  chamber w a s  r e t u r n e d  t o  t h e  Genera l  

P r o c e s s i n g  area w a s  t o  remove t h e  V - 6 1 p o t t i n g  i n s u l a t i o n  from t h e  forward and 

a f t  i n s u l a t i o n  segment V-grooves. This  proved t o  b e  t h e  most d i f f i c u l t  opera- 

t i o n .  To u s e  r o u t e r s  would be t i m e  consuming, and t h e  use  of e l ec t r i c  saws 

p r e s e n t e d  t h e  h a z a r d  of i n a d v e r t e n t l y  c o n t a c t i n g  t h e  metal s u r f a c e .  Hence, t h e  

material was manually removed by us ing  r u b b e r  mallets and aluminum c h i s e l s .  

t e c h n i q u e  r e s u l t e d  i n  c u t s  and gouges i n  t h e  s i d e s  of t h e  rubber  V-groove, and 

t o t a l  removal of t h e  V-61 w a s  n o t  p o s s i b l e .  A power s a n d e r  was equipped w i t h  an 

aluminum s a d d l e ,  e x t e n d i n g  approximately 0.13-in.  beyond t h e  a b r a s i v e  wheel.  

The aluminum s a d d l e  w a s  indexed on t h e  chamber w a l l  a t  t h e  b a s e  of t h e  V-groove 

and p r e v e n t e d  t h e  a b r a s i v e  wheel from c o n t a c t i n g  t h e  m e t a l  s u r f a c e .  This  method 

w a s  s u c c e s s f u l  i n  removing almost  a l l  of t h e  V-61 i n  t h e  grooves.  I n  inacces-  

s i b l e  areas c l o s e  t o  t h e  chamber w a l l  o r  where t h e  V-groove b a s e  w a s  narrow,  

traces o f  V-61 remained. Completed forward V-grooves are shown i n  F i g u r e s  10 

and 11. A f t e r  acceptance  of V-61 removal, t h e  metal a t  t h e  b a s e  of  t h e  V-grooves 

w a s  g r i t b l a s t e d  t o  remove t h e  pr imer ,  c l e a n e d ,  and reprimed w i t h  F u l l e r  162-Y-22. 

I n  t h i s  l i m i t e d  access area, t h e  primer w a s  b rush-appl ied  t o  p r e v e n t  contamina- 

T h i s  

. t i o n  of t h e  a d j a c e n t  rubber .  

I n s p e c t i o n  of t h e  primed metal s u r f a c e  i n  t h e  chamber c y l i n d r i c a l  

s e c t i o n  r e v e a l e d  several r u s t  pockets  where h y d r o t e s t  i n s t r u m e n t a t i o n  had been 

s e c u r e d  w i t h  Dow-Corning s e a l a n t  (WS-1076). 

f e c t i v e  i n  removing t h e s e  r u s t  pockets ,  t h e s e  areas were g r i t b l a s t e d ,  c l e a n e d ,  

and repr imed.  

As hand-sanding proved t o  b e  i n e f -  
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V,  B ,  P o s t h y d r o t e s t  Opera t ions  ( c o n t . )  

The forward i n s u l a t i o n  s u r f a c e  from t h e  boot-bond area t o  t h e  

c y l i n d r i c a l - s e c t i o n  j o i n t  was abraded ,  u s i n g  a power s a n d e r  w i t h  a No. 80 

g r i t  a b r a s i v e  wheel ,  w i t h  0.06 t o  0.10 i n .  of t h e  s u r f a c e  removed. The 

s u r f a c e  of  t h e  forward i n s u l a t i o n  forward of t h e  b o o t  bond area w a s  c leaned  

by w i r e  b rush ing .  The e roded  s e c t i o n  of t h e  a f t  s t e p - j o i n t  w a s  ground t o  a 

smooth c o n t o u r ,  u s i n g  a power s a n d e r  wi th  a No. 36 g r i t  a b r a s i v e  wheel.  The 

measured forward and a f t  i n s u l a t i o n  contours  f o l l o w i n g  r e h a b i l i t a t i o n  opera- 

t i o n s  are shown i n  F i g u r e s  12 and 13,  r e s p e c t i v e l y .  

V I .  INSULATION FABRI CAT1 ON 

Manufacture of t h e  c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n ,  p r o p e l l a n t  b o o t s ,  

a f t - b o o t  e x t e n s i o n ,  forward i n s u l a t i o n - j o i n t  d o u b l e r ,  and f i r i n g - c a p  i n s u l a -  
L. L i O i i  vas accoiiiplished 3y G s d y e i ? r ,  =sing the  same f a b r i c a t i o n  techniques  t h a t  

were used f o r  components of motors 260-SL-1 and -2. S i n c e  t h e s e  f a b r i c a t i o n  

t e c h n i q u e s  were d e f i n e d  i n  Reference (l), only  changes o r  problem areas s i g n i f -  

i c a n t  t o  t h e  260-SL-3 insulat ion-component  manufacture  are d i s c u s s e d .  

A .  FORWARD INSULATION 

No forward i n s u l a t i o n  components were f a b r i c a t e d .  

B . AFT INSULATION 

No new a f t  i n s u l a t i o n  components were manufactured f o r  t h i s  motor.  

However, s i n c e  a s e c t i o n  of a f t  rubber  approaching  t h e  s i z e  of an a f t  segment 

had been  removed, i t  was n e c e s s a r y  t o  p r o v i d e  a method of i n s u l a t i n g  t h i s  a r e a .  

A review of i n s u l a t i o n  component r e c o r d s  from t h e  p r e v i o u s  program 

r e v e a l e d  t h a t  an e x t r a  a f t  i n s u l a t i o n  segment had been manufactured f o r  motor 

260-SL-1. T h i s  segment,  P/N 600307-15, S/N 260A-6, w a s  f a b r i c a t e d  t o  t h e  
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V I ,  B y  A f t  I n s u l a t i o n  ( c o n t . )  

o r i g i n a l  o r  t h i n  c o n f i g u r a t i o n  (2.76-in. t h i c k  a t  t h e  s t e p - j o i n t )  used i n  

motor 260-SL-2. The e x i s t i n g  a f t  i n s u l a t i o n  i n  t h e  S/N 001 chamber was 4.26-in,  

t h i c k  a t  t h e  s t e p - j o i n t .  S i n c e  t h e  s t e p - j o i n t  of t h e  e x i s t i n g  i n s u l a t i o n  w a s  

t o  be b u i l t - u p  t o  t h e  o r i g i n a l  t h i c k n e s s  w i t h  V - 6 1 ,  t h e  d e c i s i o n  w a s  made t o  

use  t h e  a v a i l a b l e  a f t  segment as a replacement and t o  bui ld-up i t s  c o n t o u r  w i t h  

V-61 material. 

The segment had been i n  s t o r a g e  a t  Goodyear f o r  about  one y e a r .  

The Shore A c u r e  hardness  a t  t h e  t i m e  of manufacture  w a s  78; t h e  hardness  a f t e r  

s t o r a g e  ranged from 80 t o  83, i n d i c a t i n g  no  s i g n i f i c a n t  d e t e r i o r a t i o n  had been 

e x p e r i e n c e d  by t h e  rubber .  The segment w a s  c leaned ,  b u f f e d ,  d r i e d ,  and sh ipped  

t o  A-DD f o r  i n s t a l l a t i o n .  

C, CYLINDRICAL-SECTION INSULATION 

The c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n  w a s  f a b r i c a t e d  from V-44 , 
c a l e n d e r e d  t o  a 0.100 + 0.010-in.  t h i c k n e s s .  The uncured s t o c k  w a s  l amina ted  

t o  o b t a i n  0.200-in.- thick s t r i p s .  Three 256-in.-long and t h r e e  312-in.-long 

unvulcanized  lamina ted  s t r i p s  were a l t e r n a t e l y  wrapped on a c u r e  mandrel ,  w i t h  

a nylon  s e p a r a t o r  between each s t r i p .  Three such  wraps were made on each 

c u r i n g  mandrel ,  s o  t h a t  n i n e  256-in.-long and n i n e  312-in.-long s t r i p s  were 

o b t a i n e d  from each c u r i n g  mandrel.  

and a vacuum w a s  a p p l i e d .  The mandrel w a s  p l a c e d  i n  an a u t o c l a v e ,  and t h e  

i n s u l a t i o n  w a s  v u l c a n i z e d  a t  310°F maximum. 

w a s  u n r o l l e d ,  v i s u a l l y  i n s p e c t e d ,  s p a r k - t e s t e d ,  and abraded.  The s t r i p s  were 

trimmed t o  o b t a i n  a 32.5 - + 0.12 i n .  width;  t h e  l o n g i t u d i n a l  edges then  were 

machine-skived t o  45 degrees .  One 256- and one 312-in.-long s t r i p  were wrapped 

i n  a b l a c k  p o l y e t h y l e n e  bag  and packed i n  a s h i p p i n g  crate. 

each  c o n t a i n i n g  a matched 256- and a 312-in.-long s t r i p ,  were sh ipped  t o  A-DD 

f o r  i n s t a l l a t i o n .  

- 

The e n t i r e  mandrel was encased i n  a b l a n k e t ,  

A f t e r  c u r e ,  t h e  v u l c a n i z e d  m a t e r i a l  

A t o t a l  of 26 c r a t e s ,  
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V I ,  I n s u l a t i o n  F a b r i c a t i o n  ( con t . )  

D. PROPELLANT BOOTS AND BOOT EXTENSION 

The forward and a f t  p r o p e l l a n t  boo t s  were f a b r i c a t e d  by l a y i n g  up 

unvulcanized  V-45 s t o c k  d i r e c t l y  t o  a r e l e a s e d  mandrel s u r f a c e .  

were l a i d  up and cured  a t  one t i m e  on one mandrel;  nylon s e p a r a t o r  p l i e s  were 

used between each boo t .  

t i m e  r e q u i r e d  f o r  boot  f a b r i c a t i o n .  

Four boo t s  

This  method was e f f e c t i v e  i n  r educ ing  t h e  c o s t  and 

F a b r i c a t i o n  of t h e  p r o p e l l a n t  b o o t s  and boot  e x t e n s i o n  w a s  compli- 

c a t e d  by t h e  unexpected h igh  sh r inkage  expe r i enced  du r ing  c u r e  of t h e  unvulcan- 

i z e d  V-45 material. The measured sh r inkage  w a s  as h i g h  as lo%, as compared 

w i t h  2 t o  4% sh r inkage  on p rev ious  components. 

were r e q u i r e d ,  p a r t i c u l a r l y  i n  t h e  boot e x t e n s i o n .  The e x c e s s i v e  sh r inkage  w a s  

a p p a r e ~ t l y  t h e  r e s u l t  of winding t h e  unvulcanized V-45 s t o c k  t o o  t i g h t l y  on t h e  

s h i p p i n g  drum. To reduce sh r inkage ,  t he  uncured s t o c k  w a s  u n r o l l e d  and al lowed 

t o  r e l a x  f o r  s e v e r a l  days p r i o r  t o  layup. This  c o n d i t i o n  d i d  n o t  a f f e c t  t h e  

q u a l i t y  of t h e s e  components, b u t  d i d  cause a de lay  i n  f a b r i c a t i o n  and n e c e s s i -  

ta te  an o r d e r  f o r  a d d i t i o n a l  material. 

A s  a r e s u l t ,  a number of r e p a i r s  

E.  FIRING CAP INSULATION 

F a b r i c a t i o n  and assembly of t h e  forward f i r i n g  cap i n s u l a t i o n  w a s  

conducted e x a c t l y  as desc r ibed  i n  Reference (1). 

V I I .  COMPONENT INSTALLATION 

I n s t a l l a t i o n  requi rements  f o r  t h e  260-SL-3 motor i n s u l a t i o n  are inc luded  

i n  F i g u r e  3 .  The o p e r a t i o n a l  procedure ,  Reference ( 6 ) ,  w a s  p repa red  t o  r e f l e c t  

t h e  i n s t a l l a t i o n  requi rements .  

components w a s  accomplished by Aeroje t  p e r s o n n e l  a t  A-DD. 

I n s t a l l a t i o n  of t h e  260-SL-3 motor i n s u l a t i o n  
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V I I ,  Component I n s t a l l a t i o n  ( c o n t . )  

A. REPLACEMENT AFT INSULATION SEGMENT 

I n s t a l l a t i o n  of t h e  replacement segment,  S/N 26011-6, w a s  accom- 

p l i s h e d  as planned.  A heavy-gage aluminum-foil t empla te  was l a i d  up i n  t h e  

area where t h e  segment was t o  b e  i n s t a l l e d .  The templa te  was removed, p l a c e d  

over  t h e  replacement  a f t  i n s u l a t i o n  segment, and t h e  segment w a s  trimmed t o  

t h e  templa te  c o n f i g u r a t i o n .  The t r immed segment w a s  moved i n t o  t h e  chamber 

and checked f o r  f i n a l  f i t .  The s i d e s  of t h e  segment were retrimmed where 

n e c e s s a r y ,  s k i v e d  t o  30 degrees  u s i n g  a power s a n d e r ,  and t h e  bonding s u r f a c e  

w a s  abraded.  F i f t y  l b  of Epon 948.2 was mixed and a p p l i e d  t o  b o t h  t h e  segment 

and chamber bonding s u r f a c e s .  No. 1502 c o t t o n  b l e e d e r  c l o t h  was a p p l i e d  t o  

t h e  chamber epoxy s u r f a c e ,  and t h e  segment w a s  i n s t a l l e d .  Blankets  were 

i n s t a l l e d  and dea led  around t h e  p e r i p h e r y ,  and vacuum w a s  drawn. The a d h e s i v e  

w a s  cured  f o r  12 h r  1mder 25-in.-Hg vacuum, as shown i n  F igure  14.  

B. INSTALLATION OF V-61 I N T O  INSULATION V-GROOVES 

The f o l l o w i n g  f o u r  l o t s  of V-61 material were procured  f o r  260-SL-3 

motor i n s u l a t i o n  o p e r a t i o n s  : 

Lot No. 
Component 1 /Component 2 

261812619 
2440/2441 
256812569 
262012621 

Q u a n t i t y ,  l b  

2 40 
160 

48 
464* 

*272 l b  w e r e  o rdered  t o  r e p l a c e  t h e  material l o s t  because  of 
improper cure .  

It  w a s  d e c i d e d  t o  use  l o t  No. 2618/2619 t o  f i l l  t h e  forward and a f t  i n s u l a t i o n  

V-grooves, l o t  No. 244012441 t o  b u i l d  up t h e  a f t  s t e p - j o i n t ,  and l o t  No. 2620/2621 
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t o  f i l l  t h e  c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n  V-grooves. Lot No. 256812569 w a s  

t o  be r e s e r v e d  f o r  s m a l l  r e p a i r s .  Lot No. 261812619 material w a s  mixed i n  

10-lb b a t c h e s  i n  t h e  Semco mixer ,  us ing  t h e  r e q u i r e d  60 s t r o k e s .  P r i o r  t o  

weigh-out, t h e  component 1 material  was premixed. The mix p o t  w a s  c leaned  

a f t e r  each 10-lb b a t c h  w a s  mixed; t h e  dasher  p l a t e  w a s  c leaned  a f t e r  each 

t h i r d  b a t c h .  The mixed material  was dispensed from t h e  mix p o t  i n t o  Semco 

c a r t r i d g e s  under p r e s s u r e ,  and then  i n j e c t e d  i n t o  t h e  forward and a f t  i n s u l a -  

t i o n  V-grooves w i t h  an air-powered caulk ing  gun. As shown i n  F igure  1 5 ,  t h e  

material  was t roweled i n t o  p l a c e  t o  accomplish t h e  a f t  s t e p - j o i n t  bu i ldup .  

Approximately 24 h r  a f t e r  completion of V-61 i n s t a l l a t i o n ,  i t  became e v i d e n t  

t h a t  t h e  material was n o t  going t o  cure  p r o p e r l y .  The V-61 material normally 

a t t a i n s  about  85% of i t s  f i n a l  cure  hardness  24 h r  a f t e r  mixing, a l though a 

7-day c u r e  i s  al lowed.  This  l o t  of m a t e r i a l  s t i l l  w a s  s o f t  t o  t h e  touch 3 

days a f t e r  cure .  Up t o  t h i s  p o i n t ,  39 b a t c h e s  of material  had been mixed and 

i n s t a l l e d ;  t h e  l o t  number, q u a n t i t y ,  l o c a t i o n ,  and hardness  are summarized 

below. 

7-Day Shore D 
Lot No. Q u a n t i t y  Mixed, l b  Loca t ion  Hardness 

2618 126 19 2 30 Forwardlaf t  V-groove and 24 t o  35 

256812569 24 3 forward seams 41 t o  55 

244012441 140.0 Step-j  o i n t  b u i l d u p  42 t o  50 

a f t  segment b u i l d u p  

S i n c e  none of t h e  l o t  No. 2618/2619 m a t e r i a l  cured  p r o p e r l y ,  w h i l e  a l l  of l o t s  

No. 244012441 and 256812569 material d i d  c u r e  p r o p e r l y ,  i t  w a s  e v i d e n t  t h a t  t h e  

problem was r e l a t e d  t o  t h e  m a t e r i a l  r a t h e r  than  t h e  p r o c e s s i n g  procedure .  The 

mater ia l  i n  t h e  V-grooves and replacement a f  t - i n s u l a t i o n  segment b u i l d u p  was 

r e j e c t e d  and removed. 
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C. CYLINDRICAL-SECTION INSULATION 

Immediately a f t e r  chamber h y d r o t e s t  and d r y i n g ,  cursory  v i s u a l  

and t a p e - t e s t  i n s p e c t i o n s  w e r e  conducted t o  e v a l u a t e  t h e  c o n d i t i o n  of t h e  

c y l i n d r i c a l - s e c t i o n  primed metal s u r f a c e .  The r e s u l t s  i n d i c a t e d  t h a t  no 

pr imer- to-case bond d e t e r i o r a t i o n  had occurred ,  which s u b s t a n t i a t e d  t h e  

r e s u l t s  of  t h e  p r o c e s s  e v a l u a t i o n  test d i s c u s s e d  i n  Sect ion.  I V , B ,  of t h i s  

r e p o r t .  However, several months l a t e r ,  and j u s t  p r i o r  t o  i n i t i a t i n g  t h e  

i n s t a l l a t i o n  of c y l i n d r i c a l  s e c t i o n  i n s u l a t i o n  components, t h e  s u r f a c e  w a s  

a g a i n  i n s p e c t e d  and t a p e - t e s t e d .  The v i s u a l  i n s p e c t i o n  r e v e a l e d  t h e  presence  

of several  a r e a s  where t h e  pr imer  w a s  p i t t e d .  F u r t h e r  probing  i n  t h e s e  areas 

r e v e a l e d  a r u s t  c o l o r e d  appearance,  which i n d i c a t e d  t h e  beginning  of p o s s i b l e  

c o r r o s i o n  under t h e  pr imer .  S m a l l  f l e c k s  of pr imer  a l s o  were p u l l e d  o f f  w i t h  

t h e  t a p e  d u r i n g  t h e  t a p e  t e s t ,  an abnormal amount f o r  such a t es t .  I t  was 

a p p a r e n t  t h a t  a t i m e  dependent f a c t o r ,  p o s s i b l y  r e l a t e d  t o  t h e  h y d r o t e s t ,  had 

caused a d e t e r i o r a t i o n  of t h e  primer-to-metal  bond. The d e c i s i o n  w a s  made t o  

r e s a n d b l a s t  and reprime t h e  chamber c y l i n d r i c a l  s e c t i o n ;  t h e s e  o p e r a t i o n s  were 

accomplished as p r e v i o u s l y  d e s c r i b e d ,  e x c e p t  t h a t  z i rconium oxide w a s  used as 

t h e  a b r a s i v e  medium i n s t e a d  of g l a s s  beads.  

The f i r s t  s t r i p  of t h e  c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n  was a l i g n e d  

by u s i n g  t h e  l o n g i t u d i n a l  weld beads i n  t h e  forward and a f t  c y l i n d r i c a l  c o u r s e s  

as an index .  When t h e  l o n g i t u d i n a l  guide l i n e  w a s  e s t a b l i s h e d ,  aluminum s t r a i g h t  

edges  were i n s t a l l e d  t o  provide  a guide edge f o r  i n s t a l l a t i o n  of t h e  f i r s t  s t r i p .  

The r u b b e r  s t r i p s  were moved i n t o  t h e  chamber, t h e  s k i v e d  edges w e r e  a l i g n e d  

a l o n g  t h e  aluminum s t r a i g h t  edge ,  and t h e  s t r i p s  were trimmed t o  f i t  i n  p l a c e .  

A f t e r  tr imming, t h e  s t r i p s  were turned o v e r ,  t h e  epoxy adhes ive  w a s  a p p l i e d ,  

and t h e  s t r i p s  then were i n s t a l l e d ,  as shown i n  F i g u r e s  16 and 1 7 .  The s t r i p s  

were p r e s s e d  i n t o  c o n t a c t  w i t h  t h e  chamber by 4-in.-wide r o l l e r s  as shown i n  

F i g u r e  18 ,  w h i l e  removing en t rapped  a i r  i n  t h e  p r o c e s s .  Twenty-four f u l l - w i d t h  

l o n g i t u d i n a l  s t r i p s  were i n s t a l l e d ;  the  f i n a l  s t r i p  w a s  trimmed l o n g i t u d i n a l l y  
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t o  a 20-in. wid th  p r i o r  t o  i n s t a l l a t i o n .  The gap a t  t h e  b a s e  of t h e  l o n g i -  

t u d i n a l  and c i r c u m f e r e n t i a l  V-grooves was 0.13 t o  0.50 i n .  t o  f a c i l i t a t e  

i n s t a l l a t i o n  of t h e  V-61 material. 

D. REPAIR OF EXISTING FORWARD AND AFT INSULATION 

The areas i n  t h e  forward and a f t  i n s u l a t i o n  where damaged rubber  

had been removed were r e p a i r e d  w i t h  V-44 s t r i p s .  R e s i d u a l  c y l i n d r i - c a l - s e c t i o n  

s t r i p s  were c u t  t o  t h e  r e q u i r e d  dimensions and bonded i n t o  t h e  areas w i t h  

Epon 948.2 adhes ive .  A d d i t i o n a l  i n s u l a t i o n  s h e e t s  were bonded o v e r  t h e  i n i t i a l  

l a y e r  u n t i l  t h e  area b e i n g  r e p a i r e d  was b u i l t  up f l u s h  w i t h  t h e  a d j a c e n t  i n s u l a -  

t i o n  s u r f a c e s .  The lamina ted  s t e p s  were b u f f e d  t o  e l i m i n a t e  s h a r p  c o r n e r s  and 

smooth o u t  t h e  contour .  P. r o u t e r  w a s  used t o  g r i n d  o u t  t h e  s u r f a c e  d e f e c t s  i n  

t h e  Z f t  i n s u l a t i o n .  

E .  REINSTATdLATION OF V-61 INTO INSULATION V-GROOVES 

The V-grooves i n  t h e  i n s u l a t i o n  of t h e  forward,  a f t ,  and c y l i n d r i -  

ca l  s e c t i o n s  were f i l l e d  w i t h  V-61, us ing  t h e  p r o c e s s  p r e v i o u s l y  d e s c r i b e d .  

Several days p r i o r  t o  t h e  V-61 seaming o p e r a t i o n ,  200-gram h a t c h e s  of V-61 

were mixed from each l o t  of m a t e r i a l  on hand t o  e n s u r e  t h a t  an a c c e p t a b l e  

c u r e  would b e  a t t a i n e d .  A l l  samples t e s t e d  a t t a i n e d  a c c e p t a b l e  c u r e  l e v e l .  

A l l  V-grooves and t h e  replacement  a f t - i n s u l a t i o n  segment were f i l l e d  w i t h  

material from l o t  No. 2620/2621. Future  procedures  i n v o l v i n g  t h e  use of V - 6 1  

material w i l l  i n c l u d e  an i n i t i a l  tes t  sample t o  v e r i f y  t h a t  each l o t  of material 

t o  b e  used e x h i b i t s  adequate  c u r e .  

The i n s t r u m e n t a t i o n  probe h o l e s  and t h e  ground-out area i n  t h e  a f t  

i n s u l a t i o n  were a l s o  f i l l e d  w i t h  V-61 material .  Also,  a d d i t i o n a l  V-61 m a t e r i a l  

w a s  i n s t a l l e d  around t h e  circumference of t h e  a f t  s t e p - j o i n t  b u i l d u p  t o  o b t a i n  

a s l i g h t  o v e r b u i l d  and f a c i l i t a t e  machining t h i s  area t o  f i n a l  contour .  
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F. BOOT INSTALLATION 

I n s t a l l a t i o n  of t h e  forward and a f t  p r o p e l l a n t  b o o t s  w a s  accom- 

p l i s h e d  much easier and f a s t e r  than  o r i g i n a l l y  a n t i c i p a t e d .  F i r s t ,  one 

forward boo t  w a s  trimmed and sk ived  t o  a set of c a l c u l a t e d  dimensions.  The 

vacuum h a n d l i n g  f i x t u r e  then  w a s  i n s t a l l e d ,  t h e  boot  w a s  moved i n t o  t h e  

chamber, and t h e  o u t l i n e  of t h i s  boot  was l a i d  o u t  and marked on t h e  forward 

i n s u l a t i o n  i n  e i g h t  p l a c e s .  From t h e  l a y o u t ,  i t  was e v i d e n t  t h a t  t h e  ca lcu-  

l a t e d  boo t  dimensions were reasonably  a c c u r a t e .  The f i r s t  trimmed boot  w a s  

i n s t a l l e d  i n t o  p o s i t i o n ,  u s i n g  double-backed t a p e  t o  ho ld  i t  i n  p l a c e .  The 

second boo t  then  w a s  l a i d  i n  p o s i t i o n  a d j a c e n t  t o  t h e  f i r s t  b o o t ,  u s i n g  t h e  

marked o u t l i n e  t o  ensu re  c o r r e c t  a l ignment .  The edge of t h e  second boot  

a d j a c e n t  t o  t h e  f i r s t  boot  then  was marked t o  o b t a i n  a 0.25- t o  0.50-in.-wide 

gap a t  t h e  base  of t h e  V-groove. The second boot  was removed from t h e  chamber 

and trimmed. 

Epon 948.2 w a s  a p p l i e d  t o  t h e  bond s u r f a c e  on t h e  boot  and i n s u l a -  

t i o n ,  and t h e  s u r f a c e s  were p r e s s e d  t o g e t h e r  u s i n g  4-in. r o l l e r s .  When t h e  

adhes ive  sample became tacky ,  vacuum was a p p l i e d  behind t h e  boo t  t o  ho ld  i t  i n  

p l a c e  d u r i n g  subsequent  o p e r a t i o n s .  This procedure  w a s  r epea ted  u n t i l  a l l  

forward and a f t  boo t s  were i n s t a l l e d .  

G. SEAMING OF PROPELLANT BOOTS 

P r i o r  t o  seaming t h e  p r o p e l l a n t  b o o t s ,  o p e r a t i n g  pe r sonne l  were 

r e q u i r e d  t o  p r e p a r e  test seams f o r  q u a l i f i c a t i o n  i n  accordance wi th  t h e  i n s t r u c -  

t i o n s  p r e s e n t e d  i n  Reference ( 7 ) .  Before o p e r a t o r  q u a l i f i c a t i o n ,  t h e  p rocess  

e n g i n e e r s  p repa red  test seams t o  e x h i b i t  some degree  of p r o f i c i e n c y  i n  o r d e r  t o  

i n s t r u c t  t h e  o p e r a t i n g  pe r sonne l .  

e n g i n e e r s  d i d  n o t  a t t a i n  t h e  800-psi  t e n s i l e  s t r e n g t h  requi rement ;  tes t  v a l u e s  

ranged from 300 t o  600 p s i .  

The p r a c t i c e  seams p repa red  by t h e  p rocess  

Ass i s t ance  w a s  ob ta ined  from Goodyear p e r s o n n e l  
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exper ienced  i n  boot  seaming o p e r a t i o n s  t o  make t h e  p r o c e s s  e n g i n e e r s  more 

q u a l i f i e d  t o  t r a i n  o p e r a t i n g  p e r s o n n e l .  The Goodyear r e p r e s e n t a t i v e  found 

t h a t  approxi.mately h a l f  of t h e  Germax-cure a c c e l e r a t e d  V-45 "hot  s t o c k "  had 

reached an advanced s ta te  of c u r e ,  and w a s  unusable  f o r  boot  seaming. The 

reason  f o r  t h e  advanced c u r e  s t a t e  of  t h e  material  w a s  unknown. A f t e r  manu- 

f a c t u r e  a t  Goodyear, t h e  material w a s  s t o r e d  a t  O°F t o  arrest  c u r e ;  t h e  V-45 

s t o c k  s h e e t s  were packaged i n  dry  ice p r i o r  t o  shipment ,  a t  which t i m e  t h e  

material w a s  a c c e p t a b l e .  The packaged material w a s  a i r - f r e i g h t e d  t o  Miami, 

p i c k e d  up immediately,  and s t o r e d  i n  t h e  f r e e z e r  a t  t h e  General  P r o c e s s i n g  

b u i l d i n g .  New material w a s  p rocured  t o  r e p l a c e  t h e  r e j e c t e d  s t o c k .  

Q u a l i f i c a t i o n  of t h e  o p e r a t i n g  p e r s o n n e l  f o r  boot  seaming w a s  

s u c c e s s f u l l y  completed.  

s e a d n g  was given by t h e  s h i f t  engineer .  During demonst ra t ion ,  each  o p e r a t o r  

w a s  g iven  an o p p o r t u n i t y  t o  h a n d l e  t h e  t o o l s  and material. Then, u s i n g  V-45 

rubber  s h e e t s  procured  s p e c i f i c a l l y  f o r  q u a l i f i c a t i o n ,  each o p e r a t o r  l a i d  up 

and c u r e d  a 36-in.-long seam. Twelve I n s t r o n  specimens were c u t  and t e s t e d ,  

and t h e  10  b e s t  t e n s i l e  s t r e n g t h  va lues  o b t a i n e d  from t h e  specimens were used 

t o  de te rmine  q u a l i f i c a t i o n .  During h i s  n e x t  s h i f t ,  each o p e r a t o r  w a s  g iven  

an o p p o r t u n i t y  t o  review s e c t i o n s  of t h e  seam he had prepared  t h e  p r e v i o u s  day,  

Then e a c h  o p e r a t o r  l a i d  up and cured  a second 36-in.-long seam. 

cedure  f o r  t h e  second layup was t h e  same as f o r  t h e  f i r s t  tes t  seam. Four 

o p e r a t o r s  from each  s h i f t  a t tempted  t o  q u a l i f y ;  on ly  two from each  s h i f t  pre-  

p a r e d  a c c e p t a b l e  seams. The q u a l i f i c a t i o n  c r i t e r i a  r e q u i r e d  t h a t  t h e  average  

t e n s i l e  s t r e n g t h  of 10 specimens be 800 p s i  o r  g r e a t e r ,  and t h a t  no specimen 

e x h i b i t  a t e n s i l e  s t r e n g t h  less than  500 p s i .  The s i x  q u a l i f i e d  o p e r a t o r s  

p r e p a r e d  seams t h a t  e x h i b i t e d  average  t e n s i l e  s t r e n g t h  v a l u e s  r a n g i n g  from 

974 t o  1186 p s i ;  t h e s e  v a l u e s  were h i g h e r  than  t h o s e  r e p o r t e d  by Goodyear. 

A t  t h e  s t a r t  of each s h i f t ,  a demonst ra t ion  on boot  

The test pro- 
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Seaming of t h e  forward and a f t  p r o p e l l a n t  b o o s t  was accomplished 

s u c c e s s f u l l y .  When vacuum w a s  released behind t h e  b o o t s ,  t h e  underneath s i d e  

of t h e  seams w a s  i n s p e c t e d .  The cured seam s t o c k  was w e l l  k n i t t e d  t o  t h e  boot  

rubber ,  and only  minor,  i s o l a t e d  d e f e c t s  w e r e  d e t e c t e d .  These minor d e f e c t s  

were caused e i t h e r  by w r i n k l e s  i n  t h e  boot ,  which c r e a t e d  a small  gap between 

t h e  boot  and t h e  back-up t a p e ,  o r  by wr inkles  i n  t h e  back-up tape .  The d e f e c t s  

were only  0.01- t o  0.06-in.-deep and were cons idered  t o  be a c c e p t a b l e  w i t h o u t  

r e p a i r .  

H .  BOOT-EXTENSION INSTALLATION 

Assembly of t h e  boot-extension f i x t u r e  and i n s t a l l a t i o n  of t h e  

boot  e x t e n s i o n  i n t o  t h e  motor were conducted w i t h o u t  major problems. The 

most d i f f i c u l t  t a s k  was g e t t i n g  t h e  a f t  boot  back i n t o  p o s i t i o n  and a p p l y i n g  

a vacuum. The 3 M  EC-1202 double-backed t a p e  d i d  n o t  have s u f f i c i e n t  adhes ive  

s t r e n g t h  t o  h o l d  t h e  boot  i n  p o s i t i o n  u n t i l  vacuum could  be a p p l i e d .  A l l  

o t h e r  mechanical  methods of h o l d i n g  the boot  i n  p l a c e  w e r e  u n s u c c e s s f u l .  A s  

a r e s u l t ,  i t  was n e c e s s a r y  t o  apply 1746C temporary cement ( n a t u r a l  rubber  

d i s s o l v e d  i n  n a p t h a  and to luene)  behind t h e  a f t  boot  t o  hold  i t  i n  p l a c e  

u n t i l  vacuum was a p p l i e d .  

Coupled w i t h  t h e  problem encountered i n  g e t t i n g  t h e  a f t  boot  back 

i n t o  p o s i t i o n  w a s  t h e  problem of a mismatch between t h e  boot  and i n s u l a t i o n  

contour  , which r e s u l t e d  i n  small  wr inkles  and gaps around t h e  f u l l  c i rcumference  

of t h e  a f t  edge of t h e  a f t  boot .  It  appeared t h a t  a more r e l i a b l e  j o i n t  could  

be achieved  by l a p p i n g  t h e  boot  ex tens ion  o v e r  t h e  a f t  boot  and bonding t h e  

components t o g e t h e r  r a t h e r  than by a t t e m p t i n g  t o  seam t h e  components t o g e t h e r  

w i t h  t h e  Germax c u r e - a c c e l e r a t e d  m a t e r i a l .  This  type of bonded l a p  j o i n t  

would b e  s t r u c t u r a l l y  adequate ,  more e a s i l y  i n s t a l l e d ,  and more e a s i l y  

r e p a i r e d ,  i f  n e c e s s a r y .  The o r i g i n a l  260-SL-1 and -2 motor boot  e x t e n s i o n  
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111, H ,  Boot-Extension I n s t a l l a t i o n  (cont . )  

and t h e  r e v i s e d  c o n f i g u r a t i o n  f o r  motor 260-SL-3 are shown i n  F igure  19 .  The 

a f t  boot-to-boot j o i n t  a c t u a l l y  carries no  s i g n i f i c a n t  l o a d  and i s  e s s e n t i a l l y  

r e q u i r e d  only t o  p r o v i d e  a vacuum seal d u r i n g  subsequent  motor p r o p e l l a n t  

l o a d i n g  o p e r a t i o n s .  I t  i s  apparent  t h a t  t h i s  type  of bonded l a p  j o i n t  would 

be i n c o r p o r a t e d  i n  f u t u r e  motor des igns .  

As shown i n  F igure  19 ,  t h e  boot  e x t e n s i o n  w a s  l apped  over  t h e  

boot  and bonded w i t h  Epon 948.2. A bond width  of 3.75 t o  5 i n .  w a s  ob ta ined .  

A f t e r  t h e  adhes ive  w a s  a p p l i e d ,  t h e  s u r f a c e s  were p r e s s e d  t o g e t h e r ,  a vacuum 

b l a n k e t  was i n s t a l l e d  over  t h e  j o i n t ,  and t h e  a d h e s i v e  w a s  cured under vacuum. 

When t h e  vacuum b l a n k e t  was removed a f t e r  c u r e ,  t h e r e  were 

several  areas where t h e  e x t e n s i o n  had p u l l e d  away from t h e  b o o t ,  l e a v i n g  a 

0.18- t o  0.25-in.  gap. These bond d e f e c t s  were r e p a i r e d  by sanding  o f f  t h e  

cured  epoxy, c l e a n i n g  t h e  a r e a ,  and i n j e c t i n g  f r e s h  Epon 948.2 i n t o  t h e  

unbonded area, A vacuum b l a n k e t  then was i n s t a l l e d  o v e r  t h e  a r e a ,  and t h e  

r e p a i r  w a s  cured under vacuum. 

I .  FINAL OPERATIONS 

A f t e r  t h e  double-backed tape and 1746C cement were c leaned  o u t  

from behind  t h e  a f t  and forward b o o t s ,  a thorough i n s p e c t i o n  was conducted of 

t h e  e n t i r e  i n s u l a t i o n  s u r f a c e .  S e v e r a l  d e f e c t  areas were observed i n  t h e  V-61 

seams. M a t e r i a l  i n  t h e  a r e a  a d j a c e n t  o r  around t h e  d e f e c t s  w a s  removed w i t h  

aluminum c h i s e l s  u n t i l  t h e  base of any c r a c k  o r  v o i d  was exposed. The a r e a  

t h e n  w a s  sanded,  c l e a n e d ,  and f i l l e d  wi th  new V-61. 

During t h e  f i n a l  i n s p e c t i o n ,  n i n e  a r e a s  i n  t h e  c y l i n d r i c a l  s e c t i o n  

i n s u l a t i o n  were found t o  c o n t a i n  pockets  of t r a p p e d  a i r ;  t h e s e  a i r  pockets  

ranged i n  d iameter  from 4 t o  1 2  i n .  These d e f e c t s  were r e p a i r e d  a s  f o l l o w s :  
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111, I ,  F i n a l  Opera t ions  ( c o n t . )  

1. The rubber  a t  t h e  approximate c e n t e r  of t h e  a i r  pocket  was 

c u t ,  expos ing  t h e  primed s t e e l  underneath.  

2. Newly mixed Epon 948.2 w a s  loaded  i n t o  a Semco c a r t r i d g e .  

3.  The adhes ive  w a s  i n j e c t e d  i n t o  t h e  exposed pocket .  

4. A s m a l l  r o l l e r  w a s  used t o  p r e s s  t h e  r u b b e r  i n t o  c o n t a c t  

w i t h  t h e  chamber; a l l  p r e s s u r e  w a s  a p p l i e d  i n  a d i r e c t i o n  toward t h e  s l i t  i n  

t h e  r u b b e r  t o  remove t h e  en t rapped  a i r .  

5.  A small doubler  of V-44 r u b b e r ,  1-in.-wide by 0.20-in.- thick 

( r e s i d u a l  c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n )  w a s  bonded o v e r  t h e  c u t  made i n  

t h e  r u b b e r ;  a f t e r  c u r e ,  t h e  doubler  was trimmed long  enough t o  o v e r l a p  t h e  

edge of t h e  s l i t  approximately 0.5 i n .  

6 .  A f t e r  c u r e ,  t h e  doubler  w a s  ground down t o  an approximately 

0.1- t o  0.05-in.  t h i c k n e s s ,  and t h e  edges were s k i v e d  t o  e l i m i n a t e  s h a r p  

s u r f a c e  d i s c o n t i n u i t i e s .  

When a l l  r e p a i r s  were completed,  t h e  a f t  boot  w a s  assembled t o  

t h e  c a s t i n g  a d a p t e r .  A vacuum was a p p l i e d ,  and t h e  a i r  behind t h e  a f t  boot  

w a s  evacuated .  When t h e  boot  began t o  p u l l  down, t h e  vacuum v a l v e  w a s  t u r n e d  

o f f  and an ammonia supply  w a s  t u r n e d  on. Ammonia was al lowed t o  flow i n t o  

t h e  volume behind t h e  boot  u n t i l  evidence of p r e s s u r e  w a s  o b t a i n e d .  A s  t h e  

chamber w a s  b e i n g  r o t a t e d ,  phenolpthalein-soaked c l o t h s  were p l a c e d  over  t h e  

seams t h e  boot  b o n d l i n e ,  and t h e  boot-to-boot e x t e n s i o n  b o n d l i n e .  Three 

s m a l l  l e a k s  i n  t h e  boot-to-boot e x t e n s i o n  bondl ine  were c l e a r l y  d e t e c t e d .  The 

c l o t h  o v e r  t h e  l e a k  immediately turned p i n k ,  i n d i c a t i n g  t h e  p r e s e n c e  of 

ammonia. No l e a k s  were d e t e c t e d  i n  the seams o r  through t h e  boot  bond area. 
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111, I ,  F i n a l  Opera t ions  (cont . )  

Vacuum w a s  a g a i n  a p p l i e d  and t h e  a f t  boot w a s  p u l l e d  down t i g h t  a g a i n s t  t h e  

i n s u l a t i o n .  The n o t e d  l e a k s  w e r e  sanded, c l e a n e d ,  and f i l l e d  w i t h  f r e s h  

Epon 948 .2  a d h e s i v e  i n j e c t e d  through a Semco c a r t r i d g e .  A s  t h e  epoxy was b e i n g  

i n s t a l l e d ,  t h e  vacuum behind t h e  boot  p u l l e d  t h e  adhes ive  i n t o  t h e  v o i d  areas. 

This  method of l e a k  d e t e c t i o n  proved t o  b e  mcre e f f e c t i v e  than  

s p a r k - t e s t i n g ,  leak-checking w i t h  soap s o l u t i o n ,  o r  u s i n g  halogen s n i f f e r s .  

The l e a k s  n o t  on ly  were immediately d e t e c t e d ,  b u t  t h e i r  e x a c t  l o c a t i o n  w a s  

c l e a r l y  e v i d e n t .  I n  f u t u r e  motors ,  t h i s  d e t e c t i o n  method can be expanded t o  

i n c l u d e  a check of t h e  forward p r o p e l l a n t  boot  i n t e g r i t y .  

V I I I .  CONCLUSIONS 

The f a b r i c a t i o n  and i n s t a l l a t i o n  of  t h e  260-SL-3 motor i n s u l a t i o n  

sys tem m e t  t h e  des ign  requi rements .  The i n s u l a t i o n  performance i n  p r e v i o u s  

260-SL motor s t a t i c  tes t  f i r i n g s  demonstrated t h a t  t h e  methods used t o  d e s i g n ,  

f a b r i c a t e ,  and i n s t a l l  chamber i n s u l a t i o n  components were s a t i s f a c t o r y .  The 

260-SL-3 motor i n s u l a t i o n  system is  similar t o  t h e  260-SL-1 c o n f i g u r a t i o n ,  

a l though t h e  web a c t i o n  t i m e  of motor 260-SL-3 i s  40 t o  50 sec s h o r t e r  than  

t h a t  of  motor 260-SL-1. The only  new concepts  i n  t h e  260-SL-3 motor i n s u l a t i o n  

sys tem are t h e  use of p r e v i o u s l y  f i r e d ,  r e h a b i l i t a t e d  i n s u l a t i o n  and t h e  use 

of s i n g l e - p l y  rubber  s t r i p s  f o r  c y l i n d r i c a l - s e c t i o n  i n s u l a t i o n  w i t h  V-61- 

f i l l e d  V-grooves between s t r i p s .  I n s o f a r  as can be determined from documen- 

t a t i o n  review, d i r e c t  e n g i n e e r i n g  s u r v e i l l a n c e ,  and c u r r e n t  i n s p e c t i o n  

t e c h n i q u e s ,  t h e r e  a r e  no s u s p e c t  o r  q u e s t i o n a b l e  a r e a s  i n  t h e  260-SL-3 chamber 

i n t e r n a l - i n s u l a t i o n  system. 
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Sample 
No. 

001 

002 

003 

004 

00 5 

006 

007 

008 

009 

010 

011 

012 

013 

- 

014 

01 5 

016 

017 

018 

019 

020 

021 

on 
023 

024 

I n i t i a l  
Thickness, in .  

.746 

.TO4 

-776 

.768 

.a10 

.710 

.Re 

.769 

.782 

.769 

.a22 

-792 

.773 

.812 

.806 

.a01 

.a28 

. a22 

.734 

,728 

.815 

.755 

.798 

sand t o  Final 
Remove, in .  Thickness, in .  

03 

.06 

.06 

.06 

.06 

.06 

.06 

Instron, Model IM Set t ings :  

Chart Speed: 10 in./min. 
Test Date: 9-8-66 

.742 

.783 

.776 

.771 

.797 

.698 

.761 

* 673 

.669 

.755 

.694 

.738 

Fed. Std. 
Color No. 

34086 

30099 

30099/ 
30118 

30099/ 
30118 

30099/ 
30118 

30099 

30099/ 

30099/ 

30118 

30118 

30118 

30118 

30118 

30118 

30118 

30118 

Crosshead Speed: 5 in./min. 
Test Temperature : 77°F 

Tensile Strength, psi 
SJ@O-2 Epon 948.2 

392 

433 

440 

299 

32 5 

2 51 

324 

422 

436 

43 5 

427 

402 

319 

364 

407 

280 

32 5 

302 

437 

429 

466 

426 

449 

536 

Scale: 100 
$RE: 34 

Type of Failure 

I n  l i n e r  

I n  l i n e r  

I n  liner 

I n  rubber 

I n  rubber 

I n  rubber 

Rubber-to-liner interface 

Rubber-to-liner interface 

Rubber-to-liner interface 

Rubber-to-epoxy interface 

Rubber-to-epoxy interface 

Rubber-to-epoxy irrterface 

I n  l i n e r ,  near in te r face  

In l i n e r ,  near in te r face  

i n  i i w r . ,  iiear in te r face  

I n  rubber 

I n  rubber 

In rubber 

I n  l i n e r  

I n  liner 

I n  l i n e r  

In rubber 

In rubber 

I n  rubber 

E f f e c t  of Rubber S u r f a c e  Condit ion 

Figure 4, Sheet  1 of 2 
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Sample I n i t i a l  
No. Thickness, in .  

Sand t o  F ina l  
Remove, in. Thickness, in. 

Tensile Strength, p s i  
SD850-2 Epon 948.2 

442 

441 

447 

Type of Fai lure  

In liner 

In l i n e r  

I n  liner 

In rubber 

I n  rubber 

In rubber 

I n  liner 

I n  l i n e r  

In  l i n e r  

I n  rubber 

In rubber 

In  rubber 

In  l i n e r  

025 

026 

027 

028 

e 9  

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

Ob1 

042 

043 

044 

045 

046 

047 

048 

.640 

.667 

.688 

.647 

.680 

.685 

.690 

.596 

.678 

.@9 

.694 

.636 

.575 

.555 

, 5 2  

* 589 

.599 

.573 

.497 

.559 

.549 

* 517 

.500 

.482 

.740 

-767 

.788 

.74a 

.779 

.785 

.a20 

.727 

.808 

.760 

. a 5  

.766 

.765 

.745 

.742 

.780 

.?90 

.763 

.747 

.e10 

.800 

.767 

.749 

.732 

543 

607 

630 

463 

471 

418 

427 

474 

542 

440 

446 In  l i n e r  

459 In l i n e r  

674 In  rubber 

587 In  rubber 

489 
489 

495 

I n  rubber 
I n  rubber 

In  l i n e r  

490 I n  l i n e r  

433 In  l i n e r  

511 

573 

483 

In  rubber 

In  rubber 

I n  rubber 

Instron,  Model IIM Se t t ings :  

Crosshead Speed: 5 in./min. Scale: 100 
Test Temperature: 77°F $Fa: 34 

Chart Speed: 10 in./min. 
Test m t e :  9-8-66 

Effect of Rubber Surface Condition 

Figure 4 ,  Sheet 2 of 2 
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U G E N D  
- Control: New Rubber 

0 - Test: Fired Rubber 

0 - Goodyear Data: New Rubber 

0 0.05 0.10 0.15 0.20 0.25 

Thickness of Sample Surface Removed, i n  

P l o t  of Epon 948.2 Adhesive Bond S t r e n g t h  as a Funct ion of 
F i r e d  Rubber Surface Thickness  Removed 

F i g u r e  5 
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I 

1 8- 
0 

8 - 
0 

JL 8' 
0 

I -1 
0 

- Control: New Rubber 

0 - Test:  Fired Rubber 

I 

0 o .05 0.10 0.15 0 :20 0.25 

Thickness of Sample Surface Removed, i n .  

P l o t  of SD-850-2 Liner  Bond S t r e n g t h  a s  a Func t ion  of 
F i r e d  Rubber S u r f a c e  Thickness  Removed 

F i g u r e  6 
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Primer Bond St rength  Data Sheet 

Sample No. Tens i l e  Strength,  p s i  

049 Cont ro l  861 

050 Cont ro l  

051 Contro l  

o p  Test 

053 Tes t  

054 Tes t  

512 

629 

579 

380 

913 

Type of Fa i lu re  

P a r t i a l l y  i n  rubber  and p a r t i a l l y  
i n  primer-to-epoxy i n t e r f a c e  

In rubber  

I n  rubber  

I n  rubber  

Epoxy-to-primer i n t e r f a c e *  

F a r t i a l l y  i n  rubber and p a r t i a l l y  
i n  primer-to-epoxy i n t e r f a c e  

Ins t ron ,  Model TM S e t t i n g s :  

Chart Speed: 10 in./min. Crosshead Spead: 5 in./min. Sca le :  1000 
Tes t  Date: 9-8-66 Test Temperature : 75°F $ R H :  34 

*Approximately 0.2-in.-wide by O.g-in.-long p o r t i o n  of s u r f a c e  unbonded. 

V-61* Bond St rength  m t a  Sheet 

Sample No. 

055 Cont ro l  

056 Cont ro l  

057 Cont ro l  

058 Tes t  

059 Tes t  

060 Tes t  

Tens i le  Strength,  p s i  

419 

226 

44 5 

3 57 

440 

429 

Type of Fa i lu re  

In V - 6 1  

V-61 t o  V-44 i n t e r f a c e  

In  V - 6 1  

In  V - 6 1  

I n  V - 6 1  

I n  V - 6 1  

In s t ron ,  Model TM S e t t i n g s :  

mart Speed: 10 in. /min. Crosshead Speed: 5 in./min. Scale:  500 
Tes t  Date: 9-8-66 Test Temperature: 75°F $ RH: 34 

WGenGard V-61 Data: Component 1 - Lot  S/N 2153 V-61-1P, da t ed  2-12-65 
Component 2 - Lot S/N 2152 V-61-2P, da t ed  2-10-65 
Mixed 8-26-66 

Fuller 162-Y-22 Primer-to-Gen-Gard V-44 Epoxy Bond Strength and 
Gen-Gard V-61 to Gen-Gard V-44 Bond Strength Test Data Sheet 

Figure 7 
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Sample No. 

061 Control 

062 Control 

063 Control 

064 Test  

065 Test 

066 Tes t  

Tens i le  Strength,  p s i  
M i n i m  Maximum Average 

55.7 81.5 66.6 

79.2 92.2 84.2 

79.5 91.5 84.5 

76.5 88.9 78.8 

79.4 84.5 81.5 

67 -7 90.5 78.6 

Type of Failure 

I n  rubber 

I n  rubber 

I n  rubber 

I n  rubber 

I n  rubber 

I n  rubber 

Ins t ron ,  Model "4 Se t t ings :  

Chart  Speed: 10 in./min. Crosshead Speed: 12 in./min. Sca le :  200 

Test, Date: 9-8-66 Test Temperature : 75°F $ R H :  34 

Gen-Gard V-44-to-Gen-Gard V-45 Epoxy Bond Peel Strength 
Test Data Sheet 

Figure 8 
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F i n a l  260-SL-3 R e h a b i l i t a t e d  A f t e r  I n s u l a t i o n  Contour 
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/ / -  Adapt e r 

260-SL-1, -2 Configuration 

\ Bond 
Epon 948.2, 

Adapter 

260-~~-3 Configuration 

Revised A f t e r  P r o p e l l a n t  Boot Extens ion  C o n f i g u r a t i o n  
F i g u r e  1 9  
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BOND STRENGTH EVALUATION PROCEDURES AND FLOW SHEET 

Obta in  t h e  fo l lowing  materials before  s t a r t i n g  t h i s  bond s t r e n g t h  s t u d y :  1. 

MATERIAL REMARKS 

A. V-44 Rubber, u n f i r e d  Cut t o  s i z e s  s p e c i f i e d  i n  Task V 

B. V-44 Rubber, f i r e d  Cut t o  s i z e s  s p e c i f i e d  i n  Task V 

C. V-45 Rubber, u n f i r e d  Cut t o  s i z e s  s p e c i f i e d  i n  Task X V I I  

D. EPON 948.2 Type I V  

E. V-61 Rubber 

F. L i n e r  Raw Materials 

G. I s o l  

H. S t e e l  Plates  

Dry t h e  Cab-0-Si1 and Fe2O3 a t  
180'F f o r  3 days b e f o r e  use .  

Iso-propyl  a l c o h o l ,  l a b  s t o c k .  

120 ea. 2-318 x 2-318 x 118 i n .  
6 ea. 1 x 8 x 118 i n .  
6 ea. 6 x 6-112 x 118 i n .  ( h o l e  
d r i l l e d  i n  two c o r n e r s )  

2. The Flow Sheet  i s  used as f o l l o w s :  

S t a r t  under t h e  Task Number I (Roman numeral)  which h a s  a q u a n t i t y .  

Cont inue from t h e r e  t o  number one (Arabic number) under Roman Numeral I1 and t h e n  

i n  n u m e r i c a l  (Arabic)  o r d e r  complete  each of t h e  t a s k s  t o  t h e  end of  t h e  Flow Sheet .  

Procedures  f o r  accomplishing each t a s k  shown on t h e  Flow Sheet  a r e  i n  Paragraph 4. 

3. A l l  r u b b e r  bonding s u r f a c e s  w i l l  be abraded w i t h  -120 g r i t  sandpaper  and t h e n  

c l e a n e d  w i t h  I s o l  ( i so-propyl  a l c o h o l )  p r i o r  t o  t h e  bonding o p e r a t i o n .  

4. Bond s t r e n g t h  e v a l u a t i o n  procedures  are  as  f o l l o w s :  

TASK NO. PROCEDURE 

I ,  11, & I11 STEEL PLATES: A l l  t h e  s t e e l  p l a t e s  w i l l  be s a n d b l a s t e d ,  

c leaned  and primed w i t h  F u l l e r  Epoxy P r i m e r  162-Y-22 accord- 

i n g  t o  AGC 364 by Dept. 3340. The primed s tee l  p l a t e s  w i l l  

b e  cured f o r  6 h r  a t  ambient and t h e n  d e l i v e r e d  t o  t h e  Q . C .  

Labora tory .  

Page 1 
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TASK NO. 

I V  

V. 

V I .  

PROCEDURE 

EPON 948.2,  TYPE I V :  Mix t h e  Epon 948.2 a c c o r d i n g  t o  

AGC 34151 and apply a c o a t  0.010-020 i n c h e s  t h i c k  t o  t h e  

bonding s u r f a c e s .  The u l t i m a t e  t h i c k n e s s  of t h e  Epon bond 

must be between 0,020 - 0.040 i n c h e s .  Mate t h e  bonding 

s u r f a c e s  and remove any Epon t h a t  i s  squeezed o u t  from 

between t h e  bonding s u r f a c e s .  The bonding s u r f a c e s  must 

be kept  a l i g n e d .  

V-44 RUBBER: The q u a n t i t y ,  s i z e ,  t y p e  ( u n f i r e d  o r  f i r e d  

rubber )  and u s e  of V-44 r u b b e r  a s  shown on t h e  f low s h e e t  

a r e  as f o l l o w s :  

Quant i ty  S i z e  ( i n c h e s )  Type Use on Flow Sheet  

6 1 x 1 x 0.5-0.7 Unf i red  L i n e r  and Adhesive Bond 
S t r e n g t h  

42 1 x 1 x 0.5-0.7 F i r e d  L i n e r  and Adhesive Bond 
S t r e n g t h  

12 1 x 1 x 0.25 Fi red*  Pr imer  Bond Strength** 

12 1 x 1 x 0.25 Fi red*  V-61 Bond S t r e n g t h  

6 1 x 8 x 0 .1  Unfired P e e l  Bond S t r e n g t h  

6 6 x 6 ~ 2  Unf i red  Chamber Drying Cycle 

CURE AT AMBIENT FOR 36 HOURS: Cure t h e  Epon 948.2 f o r  36 h r  

a t  t h e  Q . C .  L a b o r a t o r y ' s  ambient c o n d i t i o n s .  

40% RH max. 

75°F - + 2 and 

*Charred; d i s c o l o r e d  s u r f a c e  removed completely.  

Page 2 
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TASK NO. 

VI1 

PROCEDURE 

SUBJECT SAMPLES TO HYDROTEST FLUID: The samples w i l l  be 

p laced  i n  a Crawford Bomb chamber f i l l e d  w i t h  h y d r o t e s t  

f l u i d  (sodium dichromate s o l u t i o n )  and p r e s s u r i z e d  accord-  

i n g  t o  t h e  fo l lowing  t a b l e :  

P r e s  s u r  i z  e 
S t e p  t o  

1 0 p s i g  

2 40 

3 200 

4 40 

5 200 

6 40 

7 200 

8 400 

9 500 

1 0  600 

+ 5  11 7 1 7  - 15 

1 2  0 

Rate of 
P r e s s u r i z a t i o n  

-- p s i / m i n u t e  

+ 50 

+ 50 

- 50 

+ 50 

- 50 

+ 50 

+ 50 

+ 50 

+ 50 

+ 50 

- 100 (max.) 

VI11 

Durat ion  a t  
P r e s s u r e  

48 h o u r s  

1 minute  

1 minute  

1 minute  

1 minute  

1 minute  

1 minute  

1 minute  

1 minute  

1 minute  

80 seconds 

24 hours  

A f t e r  t h e  above c y c l i n g  i s  complete ,  remove t h e  samples 

from t h e  Crawford Bomb chamber and r i n s e  w i t h  t a p  water 

t o  remove t h e  r e s i d u a l  h y d r o t e s t  f l u i d .  

DRY AT 165 + 5'F FOR 15 DAYS: Dry t h e  Test and C o n t r o l  

samples a t  165 5 5*F f o r  1 5  days i n  a f o r c e d  d r a f t  oven. 

A f t e r  1 5  days remove t h e  samples from t h e  oven and a l l o w  

t o  c o o l  t o  room tempera ture .  
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TASK NO. 

I X  

X 

PROCEDURE 

SAND TO DEPTH INDICATED AND MEASURE COLOR AND SHORE A 

HARDNESS: Samples 007 through 048 a r e  t o  b e  sanded t o  t h e  

d e p t h s  i n d i c a t e d  on t h e  Flow Sheet .  The i n i t i a l  t h i c k n e s s  

of  each sample w i l l  b e  measured w i t h  d i a l  c a l i p e r s  t o  t h e  

n e a r e s t  0.001 inches .  The samples w i l l  t h e n  be c a r e f u l l y  

sanded t o  t h e i r  i n d i v i d u a l  d e p t h s ,  checking p e r i o d i c a l l y  

w i t h  t h e  d i a l  c a l i p e r  t o  a s s u r e  t h e  c o r r e c t  sanding  d e p t h s  

are  o b t a i n e d .  The i n i t i a l  and f i n a l  t h i c k n e s s  of  each 

sample w i l l  be recorded on t h e  a t t a c h e d  d a t a  s h e e t .  

The s u r f a c e  c o l o r  of a l l  t h e  samples w i l l  be  measured 

u s i n g  F e d e r a l  Standard No. 595, F e d e r a l  Color  S tandards .  I f  

an  e x a c t  c o l o r  match cannot  be found,  two c o l o r s  can be used 

t o  b r a c k e t  i t .  The number(s) below t h e  c o l o r  c h i p s  i n  t h e  

F e d e r a l  Standard w i l l  b e  recorded  on t h e  a t t a c h e d  d a t a  s h e e t .  

The Shore A h a r d n e s s  of each sample w i l l  be  t a k e n  

accord ing  t o  AGC Standard 3003, Method 3404, except  t h e  

e q u i l i b r i u m  t i m e  w i l l  b e  1 5  seconds.  Three r e a d i n g s  o v e r  

t h e  s u r f a c e  w i l l  be t a k e n  and recorded  on t h e  a t t a c h e d  d a t a  

s h e e t .  

COAT WITH SD-850-2 LINER:  SD-850-2 L i n e r  w i l l  be prepared  

by t h e  Q.C.  Laboratory i n  accordance w i t h  AGC-36431. Apply 

a c o a t  0.010 - 0.020 i n c h e s  t h i c k  t o  each of  t h e  s u r f a c e s  

t h a t  a r e  t o  be bonded. The t h i c k n e s s  of t h e  l i n e r  bond 

must be between 0.020 - 0.040 i n c h e s .  Remove any e x c e s s  

l i n e r  which may f low from between t h e  bonding s u r f a c e s .  
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TASK NO. 

X I  

X I  I 

X I 1 1  

PROCEDURE 

SANDWICH WITH STANDARD-HALF DPT: The s tandard-ha l f  DPT's 

prepared  according t o  t h e  Flow S h e e t ,  Paragraph F.l, are 

bonded t o  samples 001 through 048 w i t h  Epon 948.2 o r  

SD-850-2 as s p e c i f i e d  by t h e  Flow Sheet .  

CURE 2 DAYS AT 80°F AND THEN 2 DAYS AT 135°F: 

bonded t o g e t h e r  wi th  SD-850-2 l i n e r  are cured a t  80°F f o r  

two days and t h e n  135°F f o r  two days ,  i n  accordance w i t h  

AGC 36431. 

BOND SURFACES WITH V-61 RUBBER: The V-61 rubber  w i l l  be  

prepared  by Opera t ions  p e r s o n n e l ,  Dept. 3340, i n  t h e  Model 

S-1378 SEMCO p r e s s u r e  mixer a t  60 s t r o k e s  p e r  b a t c h .  A one- 

h a l f  g a l l o n  s i z e  b a t c h  w i l l  be prepared  p e r  agc  36335 and 

AGC drawing 1005103. A q u a r t  c a n ,  and one d i s p e n s i n g  t u b e  

w i l l  be f i l l e d  with t h e  V-61 rubber .  I n  a d d i t i o n ,  a t o p  f o r  

t h e  t u b e  and an  a i r  o p e r a t e d  d i s p e n s i n g  gun w i l l  be s u p p l i e d  

by Opera t ions .  

The samples 

The V-61 bonding o p e r a t i o n  t h a t  f o l l o w s  w i l l  be  

accomplished immediately a f t e r  t h e  mixing o p e r a t i o n s .  The 

p o t  l i f e  of t h i s  m a t e r i a l  i s  v e r y  s h o r t .  

A. Wet t h e  rubber  s u r f a c e s  t o  be bonded w i t h  t h e  V-61 i n  

t h e  q u a r t  can w i t h  a s t i f f  b rush .  Place t h e  t es t  

samples i n  one modif ied DPT mold and t h e  c o n t r o l  

samples i n  a n o t h e r  s o  t h e  bonding s u r f a c e s  f a c e  

each o t h e r .  
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TASK NO. 

X I V  

xv 

PROCEDURE 

B. F i l l  t h e  void between t h e  bonding s u r f a c e s  w i t h  V - 6 1  

material from t h e  loaded  t u b e  u s i n g  t h e  a i r - o p e r a t e d  

gun and d i s p e n s i n g  t i p .  The t i p  must be submerged 

d u r i n g  t h e  f i l l i n g  o p e r a t i o n s  t o  avoid a i r  entrapment .  

C. Cure t h e  samples f o r  seven days  a t  ambient l a b o r a t o r y  

Shore D hard- c o n d i t i o n s ,  75°F - + 2°F and 40% RH max. 

nexx a f t e r  seven days s h a l l  be 38 ,  minimum. 

V-45 RUBBER, UNFIRED: The q u a n t i t y ,  s i z e  and u s e  of V-45 

rubber  as shown on t h e  Flow Sheet  are  as f o l l o w s :  

Q u a n t i t y  S i z e  ( i n c h e s )  Use on Flow Sheet  

48 1 ;Y 1 x 0.25 L i n e r  and Adhesive Bond S t r e n g t h  
1 x 1 2  1: 0.25' P e e l  Bond S t r e n g t h  

TEST FOR BOND STRENGTH: The double  p l a t e  tests (DPT) w i l l  

be  tested u s i n g  a Model TM I n s t r o n  tes te r .  AGC STD 3003, 

Method 3421, w i l l  be used as a procedure guide.  The a c t u a l  

I n s t r o n  s e t t i n g s  and d a t a  w i l l  be recorded  on t h e  d a t a  s h e e t  

f o r  t h e  t e s t  being performed. The d a t a  s h e e t s  a r e  a t t a c h e d .  

The rubber  p e e l  s a m p l e s  w i l l  be t e s t e d  a c c o r d i n g  t o  

ASTM D-903. A l l  c o n d i t i o n s  and d a t a  r e q u i r e d  i n  ASTM D-903 

w i l l  be  recorded  on t h e  Rubber Pee l  Bond S t r e n g t h  d a t a  s h e e t .  
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